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INTRODUCTION 

Early ireruls in mental growth, such as may be ob> 
served in the maturing behavior of infants durinj' the 
first two or three years of life, should he of considerable 
value ill clarifying theories of intelligence. The men- 
tal behavior of infants, being genetically prior to, and 
less complex than, that of school-age children or adults, 
should tlirow light on the more fundamental mental 
processes. In addition, the rapid rate of maturation 
of ail of the processes of growth- • m anatomical, 
and physiological “ makes possible comparisons be- 
tween successive stages of growth in the same children 
within a relatively short time interval. 

What Infant behavior may we call “mcntal’T What 
specific behavior precedes later mental achievements? 
To what c-xterit arc these later achievements dependent 
on the earlier? Can we predict later development 
from early behavior? How do indiviciunl growth rates 
compare with the norm for a group of infants? 'I'o 
what extent arc these rates alTcctcd by environmental 
conditions? Tlicsc arc a few of the (jucstions for which 
we may find some, at least partial, answers by means of 
repeated observations of the same infants under similar 
test conditions. 

Although infant behavior has received compara- 
tively little scicntilic study in the past, a recognition 
of its signilicance has recently cmerge<l, so that at pres- 
ent we have a fairly large field of inhirmation from 
which to start in the study of mental development. 

D3 
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The early biographical slutlics, such as ihose of 
Preyer (45), Shinn (48), Major (41). Moore (42), 
Sully (54), and Hall (26), have provided careful 
descriptions of the menial growth of single infants; 
such studies serve as useful sources of behavior items 
for which norms may he compiled on the basis of tests 
of a large number of eases. In the last few years the 
field of mental testing has been pushed furlhcr and fur- 
ther into the early ages until now there are several 
series of tests designed for infants during the first two 
years of life, as well as for children of nursery-school 
age. 

The first practical tests of intelligence, Binct’s (7), 
included three or four items which arc applicable to 
children under one year, but they were not given any 
very exact age placement. Kulilmann (37), in his 
revision of the Binet tests (1922), extended his stand- 
ardization down to three months, including items for 
scoring at the ages 3, 6, 9, 12, 18, and 24 months. 
Heubner (31), in 1918, in a discussion of mental de- 
velopment of infants, gives a brief outline of the 
achievements to be expected at tw'o weeks and at 1,2, 
3, 6, 9, 12, 18, 21, 24, 30, and 36 months; usually no 
more than two or three tests arc supplied for each 
level. A much more complete test for the first three 
years, with definite age placements but with no state- 
ments concerning the method of standardization, was 
published by Schwab (46) in 1925. In the same year 
Gesell (18) published his tests, to which he gave age 
evaluations on the basis of the performances of “sev- 
eral hundred children," five years and under, in a 



MI-NTAf, (JROWTII DURIN't; Dili FIRST TlIRFIi VKARS 


9 


controlled test situation. He, however, felt that an 
e.\act age placement of the items was not justified and, 
instead, indicated the difiiculiy of performance of a 
test at any given age hy letter rating.s. This method, 
although it set forth the rapiil growtlt changes and 
illustrated characteri.stic infant beliavior, leaves each 
chihl’s developmental score alway.s an indefinite clini- 
cal estimate. In 1<12H Hetzer ami Wolf (30) pub- 
lished a series of “Uabytests,” giving monthly itorms 
through 1 1 months for infants* performances, based on 
24-hmir observations of infants in Vienna. A later, 
slightly revised edition of these tests is given by Char- 
lotte liiihler (10). Recently a group of tests for the 
second year has been added to this scries by Ilctzer 
and Roller (29). 

fiinfertand Ilierholzer (.19) have developed a point 
scale for infants during the first year. 'I'his scale is 
based on the Ciesell tests and is divided into two series, 
one for each half year, h has been standawli/.ed on 
.300 infants, .*>0 at each of the age.s, I, 2, 4, (>, 9, and 12 
monllis. 'I'ltc total point scores on these tests show a 
linear increase with age ami an average reliability, hy 
the split-half method, corrected hy ilic Spearman- 
Urown formula, of. HI. Hallowell (27) has stand- 
ardized a group of tests hcgintiing with one year and 
extending up to four years. 

None of these test groups seems, in itself, to he en- 
tirely satisfactory for the lirst two-year span. In sev- 
eral cases, as has lieen indicated, the sample on which 
the age placements were made was very small, or cdsc 
was not described at all. In several of the studies, loo, 
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the sample was selected and unrcprescniailve Ijccause of 
the greater ease of securing institution cases for observa- 
tion. Other studies fail to give exact age placcnietus 
or methods for determining relative performance in 
the tests. Many of the descriptions of pmccilurc are 
too incomplete to assure duplication of the test situa- 
tion or standard of scoring by other e.xamincrs. 

A number of recent studies have been made on speci- 
fic behavior patterns in infants, often with a large 
sample of children observed. In several eases devciop- 
mental norms for the observed responses are given and 
are of such a nature as to be of value in a test of men- 
tal development. Of these studies, we may cite Jones 
(36), Lippnian (40), Sherman and Sherman (47), and 
Blanton (8). There are, of course, many other recent 
studies of infant behavior which have a more or less 
direct bearing on the problem of mental growth in 
infants. 

The tests for children in tl\e kter preschool years 
have been recently summarized by Stutsman (5.3) and 
by Pintner (44) and, perhaps, need no further de- 
scription here. As this brief summary shows, we now 
have available sufficient norms of infant behavior to 
make possible comparative studies of mental growth 
and development and to determine more e.vactly the 
behavioral items which are significant as criteria of 
development. 

Observations of infants provide evidence for a rapid 
growth in function as well as in structure during the 
first year. Early differentiations in maliirily of re- 
sponse arc based on simple sensory acuity and sensori- 
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motor coordinations, Wc think of these as being allied 
to nieiitai rather than merely to physical development. 
It therefore seems possible that individual difTereiices 
in tliese types of infant behavior may be accepted as 
di(rerence.s in intellectual ability which are similar to 
those observed at later ages. If, then, these difTcrcnces 
can be mcasiircd reliably, we may hope that such meas- 
urements may be predictive of mental clilTerenccs at a 
later age. If we can predict twelve-year intelligence 
with fair success at six years, perhaps we may hope 
equally well to predict si.x-ycar intelligetiec at six 
montlis. 

Infant iniclligencc tests have been devised and stand- 
ardised on the assumptions that maturation in sen- 
sorimotor functions and simple adaptations are in- 
tellectual and slimild he predictive of later imellec- 
iial performance.s. However, it doe.s not necessarily 
follow that individuals whose sensory acuity is great 
and whose simple coordinations are perfected more 
rapidly will eventually he able to respond more ade- 
quately to complex situations. In adults, .simple sen- 
sory tests have only very low correlations with intelli- 
gence. It may well he true that the relationship in 
infants is no greater, even though, dcvciopmcntally, 
the simple forms of behavior appear first and are com- 
ponents of the more comple.\’ intellectual respimses 
which develop later. 

In cases of ilefinite hanrlicap in sensorimotor de- 
velopment we need not he sur[u isctl it) (imi retardation 
in associated inlellccluai funclions as among neuro- 
logical cases, or among indivitlunls suffering from sen- 
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sory deprivation. But when, iuming normal infants, 
a temporary delay occurs in scnsorinn»tor maturatirni, 
this need not result in any marked cffccis upon subse- 
quent intellectual growth. 

We must bear in mind the possibility that behavioral 
development during the first year may, w’ithin raihcr 
wide normal limits, give little indication of later in- 
telligence. Intelligence may involve characteristically 
"higher" functions which have very little representa- 
tion in the infant’s repertoire. It may he as diflicult 
(outside of pathological deviations) to predict intel- 
ligence in infancy as it is to predict vocational aptitude 
or artistic genius in infancy. 

The measurement of "inielligence" or "mental ma- 
turity’’ ill infants depends upon tecliniqucs and instru- 
ments of measurement radically dilTerent from the now 
familiar ones used in obtaining intelligence scores for 
school children and adults. The entire maturation 
process is so rapid during the early years that there arc, 
in fact, several distinct types of test situations encoun- 
tered during the first three-year period. Some of these 
differences may be found in the nature of the test items 
themselves; others are due to changing altitudes in the 
child as he grows up. The monlh-oid baby lies on his 
back in a crib and is active or suddenly quiet in re- 
sponse to touches, sounds, and sights. /\t si.K months, 
he can be tested in a number of definitely “adaptive’’ 
activities; he is very responsive to social stimuli; he is 
just beginning to sit alone and can be tested while 
sitting propped up before a table. Shortly after this 
level is reached, a new element caters into the te.sting 
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situation which causes great difficulties in testing chil- 
dren who arc brought in only at intervals for a short 
examination ; at this stage they become afraid of slnuige 
fir unusual persons and places. Their niovenients, and 
especially their vocaliKatutns, arc inhibited to such an 
extent that adcfiuate stfires of their ability sometimes 
cannot be obtained. They gradually get over this, but 
from 18 months on, for a year or more, they usually 
develop, in varying degrees, \vhat has been called 
"negativism.’* At this stage a child may, .as if on prin- 
ciple, refuse to do whatever is askeil of him. No mat- 
ter how interesting <»ne makes a test, there will always 
be some children who refuse to attempt it. And many 
will inhibit some or all verbal responses which may be 
called for. 

It is only after this phase is outgrown that one can 
achieve a lest situation eomparahle to that which has 
usually been consiilercd necessary in administering 
mental tests, that Is, a desire on the part tif the citild 
to succeed in the task set for liim, a directed elfort to 
do his best, and full cooperation with the tester, lle- 
forc this time, such efTort can he secured only if the 
test itself elicits it; ami no matter what the test, a child 
tnny not become interestctl, or if be does, he may ex- 
pend his effort in a direction which was not intended 
and so fail to indicate whether or not he could have 
scored. For example, a child may insist on huilding 
houses with the formhfiard blocks instead of lining 
them in the lortns; or he may start a game <if ilirowing 
the cubes U) the Ibior instead of attempting to buiUl 
with them. 
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With these individual variations in attitude, one can 
hardly expect to get completely accurate scores of 
ability. However, repeated tests of the s.ifnc children 
at short intervals should make possible fairly reliable 
estimates of their lest abilities and of growth trends of 
the group. A comparison of the early with the later 
scores of these same children may indicate to what ex- 
tent the tests at various levels arc measuring the same 
or comparable things. 

The present study, carried on at the Institute of 
Child Welfare, has made such a comparison possible 
over the first three years of life—the period in which 
the most rapid growth occurs, and hence the one in 
which the most radical variations might be expected 
if they are to be found at all. 
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DA'I'A COLLECTION 

A. 

vVlthough some atiempi; was made to secure a sample 
vvliich would be representative of the white, English- 
speaking population of Berkeley, several limitations 
necessary to the purposes of the study caused the selec- 
tion of a group in some respects atypical. Only babies 
born in hospitals were included;’ the two hospitals 
from which they were recruited represent a fairly 
wide socio-economic range, one of them, a county hos- 
pital, taking charity cases, the other drawing its 
patients from the middle and upper classes. From 
these two hospitals were enrolled normal, full-term in- 
fants whose mothers were cooperative and willing to 
make the necessary monthly visits to the Institute. 

Of the 75 mothers interviewed (between hoptcinher 
27, I92H, and May 15, 1929), 59 whei were cooperative 
and also ;net the other requirements were included in 
the study. As there were two pairs of twins, the results 
obtained are based on the data from 61 infants, 31 males 
and 30 females. All of these children came iaito the 
Institute of Child Welfare for at least six examina- 
tions. By the end of the first year, four had dropped 
out, leaving .*>/ .still enrolled; by tlie end of the second 
year there were 53; and hy the end of tlic third year 49 
of tlie original 61 children were coming in for the 


'A;tpntxli»!Ucly 92% of Berkeley cliiUlrcn arc born in hospitals. 

fl5J 
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tests.^ A few children missed one or more cxainimi- 
tions due to illness or visits out of town. .Since the 
absences were fairly evenly distributed ihrougljoui the 
year, the smallest number td eases tested ai any one age 
level during the first year was HZ, with an average of 
5S.S; during the second year the minimum tinmher was 
4S, with an average of 48; and during the third year the 
minimum was 45, average 47.25, In all, 1 142 tests were 
made in the three-year period. Although iltc .sample 
is not identical at every age level, it is very highly simi- 
lar throughout, and any sampling selection may be 
considered practically constant at all ages, A cursory 
survey of the 12 cases which dropped gives no evidence 
of any selective factors in regard to family status which 
might have caused their withdrawal.® 

A comparison of the socio-ccomnnic staiu.s of tlic 
families of these children with the sampling of 40.5 
Berkeley families obtained in the Berkeley Survey of 
the Institute of Child Welfare (60) has served to show 
in what ways the group under present consideration is 
representative. This comparison has shown that cer- 
tain characteristics of the family background and en- 
vironment are distributed in the same way for the chil- 
dren of the Intensive Growth Study (as the present 
investigation has been called) as for the population of 
all young children in Berkeley. These characteristics 
are sex of the infant being studied in the survey, sex of 

“Of the 12 dropped out, 9 moved out of town, 1 died tliroui'li :»> 
cident, while in two eases the mother, leelin^ Ole visits rr<iniied ion 
much of her time, refused to cooperate further. 

"The educational distrihution of the fathers of the retnaininu -17 
families is practically identical with that of the original 59. 
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its siblings, number and age of the siblings, length of 
time the family has lived in Berkeley, age of parents 
at the time the survey infants were born, place of mar- 
riage, and age at marriage. There arc, on the other 
hand, three characteristics in which the Intensive 
Gniwih Study group is, m the average, dclinitcly su- 
perior; these are parents’ education, occupation, and 
income, 'I'lie mean educational level achieved by the 
fathers, in terms of years v>f schooling, was 1.1.8 years 
('fable 1 ) , wiilt a standard deviation of .1.6. The mean 
of the mothers was 11.1, S.D. 1.1. For the mid-parent 
scores, the mean is 11.4- year, iS.D. 1.4. Only one father 
and t)ne mother in the Intensive Study group had less 
than eighth-grade education. The. Berkeley Survey 
means, as is shown in Table 1, are con.sislcnily lower 
than those for the Intensive Orowth Study group, 
though higher than would he found in tlio average 
IJ. S. city of similar .size. 

The occupations <d the fathers have been dassUied, 


'rAHid': I 

IwCCATKtNAI. lOiVia, OI- I'ATtI lifts AND MtUllliKS 01- InTMNSIVI! 
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TABLE 2 

OcCUPATIONAt, CM&RIFICATION' OP FaTJIRPS 


Deicrltilioii 


Ko. 

Afire 

% 

PrdlCHionnl tine] extcutWcr 

{% 




‘■While eolUr” 

1$ 

m 



Skilled Uhor 

7 




S&mG&kUlcd leibor 

J 

u 

5 1 

UA 

UnakDled labor 

1 

2\ 

VI 

5 2 

Studcnli 

6 

li 


U 

Rciircd 

1 

1 

1? 

.2 


in accordfince with the procedure used in the Berkeley 
Survey, into five main groups, shown in 'rable 2. 
Both surveys show an equal predominance of II, while- 
collar occupations (37..^% Intensive, 39.0% Berke- 
ley) , but they differ decidedly in the other occupational 
groups, almost as many fathers of the Intensive Study 
group (30.5%) being in Group t as in Group 11, 
while a smaller proportion, 22,5%, of the Berkeley 
fathers fall into this top class. Outside of the five 
classes of occupations listed above, 10.5% of the In- 
tensive Study group were students, as compared with 
3,2% of the Berkeley group. In the skilled, semi- 
skilled, and unskilled labor groups, correspondingly, 
there are comparatively few eases among the Intensive 
Study fathers. 

If the annual incomes arc grouped in one-thousand- 
dollar intervals, the lowest including all incomes un- 
der $1000, we find in both groups a definitely skewed 
distribution with most of the incomes below $4000 
(Table 3). The Intensive Study group averages 
higher, with a mean annual income of $2844.61, while 
the Berkeley Survey mean is $2544.86. 
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TABLE 3 

Annuai, Income of Intensive Growth Stucv I'amilies Com- 
IMRBD with HeRKEI-EY SURVEY 


Iiiltnuivc ticrlccIcY Intcniivc Berkeley 


Annual Income 

No. 

No, 

%* 

% 

'i'otal 

59 

376 

100.0 

100.0 

(dependenu) 

4 

— 

— 

— 

0- 999 

3 

10 

5.0 

2.7 

1^ 1999 

10 

154 

18.5 

41.0 

2- 2999 

IS 

97 

27.8 

2S.8 

3- 3999 

IS 

S8 

27.8 

1S.4 

4 ^ 4999 

3 

27 

5.6 

7.2 

5- 5999 

2 

16 

3.7 

4.3 

6. 6999 

2 

5 

3.7 

1.3 

7- 7999 

3 

3 

5.6 

.8 

8999 


2 


.5 

9. 9999 





10-10999 

1 

2 

1.8 

-5 

1M1999 


1 



20-20999 


I 


.3 

Incomplete informniion 

1 




Mean 

izm.ci 

$2S44.JI6 



Median 

2650.00 

2020.00 



^PerccniaKeii on ll 1 (cnA^vt^ (irowili l)tijdy conipiiied 
dependent and innimplcic irdormation. 

on S4 

cancit, onilMiriK 


The cducrttion, occupation, nncl income of the Inten- 
siv'C Grow'th Study arc positively related, as is seen 
from their intcrcorrelations (excluding the 8 students). 
The years of education of tlic fathers correlate with 
their total annual income .69.'* Occupational ratings 
(on a rating scale of twelve)® correlate with education 

^Girrcliitioiis willi irinuiir li:ive bcpii comimtcd witli llin income 
^r<)iip« Imsrd nil an aritliinctic-lo^'aritliintc .‘iciilc, in (inler to oloain a. 
HlraiitlK rraression line. 

‘■'J'liis was an extension (made l>y the writer) of the fivc'noint 
Berkeley Stirvey scale iiiven above. 
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of the fathers 78, anti with their annual income .67. 
These three interrelated, objective measures in which 
this group differs from the Berkeley population prob- 
ably represent the same selective (actors. 'I'hcy itjrli- 
ci\tc that the parents who arc sonkicmly intcrcstcil to 
enter into a study such as this arc m«uc likely to be 
above the average in socio-economic ratings. AjuI it 
is clear that, as a group, the infants we are .studying 
have a superior socio-economic backgnmnd to that 
which would be found in an unselecied population. 
However, there is a fairly wide range in all three of 
the characteristics in which the Intensive Smtty shows 
a selective clifTercnce from the Berkeley population, 
and no class is entirely unrepresented. 

B, The Expkkimen't.-vi. SiritATitiN 

The mental tests are only part of a program calling 
for the cumulative study, over a period of .several years, 
of reflex, physical, motor, bodily, and ntcnial growth. 
Each of these variables was tested at every visit, ami 
the developmental trends of the measures other than 
mental, with their interrelations, will he considered 
separately in other studies. The infants were first 
observed in the hospital within three days after birth.” 
At this tittle an appointment was made with the mother 
for the first visit to the Institute, one month from the 
date of birth. Age was reckoned by the usual solar 
tnonth, and, since emphasis in this study was placed on 
the growth of the same children, in ortlcr to htivc as 

"The hospital observations aiul interviews were inaik I))' ])r. I.fto.i 
V, WolfF, 
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few absences as possible, a leeway of four days before 
or after the birthday was allowed.’ Every effort was 
made, however, to keep the visit on the birth date, so 
that the wider variations were comparatively rare. 

The infants were examined with the mother present, 
unless for some reason she wished to send the child 
without lier, 'I'his procedure had the advantage of 
gaining better cooperation from the mother, atid of 
giving an opportunity to take notes on the mother’s 
attitude toward, and treatment of, her child. More- 
over, at the age when the strangeness of the testing situ- 
ation became disturbing to the children (4), the 
mother’s presence calmed and reassured timiil infants, 
so that they were more easily reconciled to the ap- 
proach and handling of the examiner. On the other 
hand, of cour.se, some anxious mothers were inclined to 
interfere with the experimental procedure at limes, anil 
a careless mother occasionally distracted her child from 
a task which had been set for Iiiin, thus spoiling 
his chance to make the best possible score. On the 
whole, however, it was felt that the advaniagcs of the 
mothers’ presence ouiweiglied the disadvantages, until 
tlic children were about tliirty months old. At about 
this age the parent’s concern ami interruptions began 
to interfere more seriously witlt securing the chibl’s 
best response, and, since the children were now usually 

■Cnm*lulitm pltUunj'. llu* mw sour t»a ihr ai'O 

U\ a vny sliVJit ffu llir olflri iliiMirn at 

ojii' iniait)], Ihu nnrif* M iwo Mr tliirr immihs. Sinn* ilir nne iiininh 
((‘Ms NS'cic hiiiCMi tM hr t'iiinj>aia(iV(‘ly anti sintv ii was iiU“ 

poNsiUU’ avrntauly (i» tlflnnunt* vtinsa‘piu;il ajw* nn utnntiuii iuv avT 
variatitins was iiKii|(\ 
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willing to stay aUmc with the examiner, the mothers 
were asked to remain in another room during the mco' 
tal teats. 

The observation period usually lasted about SO min- 
utes with the very young infants, the time gradually 
increasing with age, until at thirty-six months the en- 
tire set of observations usually required 2 hours. With 
few exceptions, the mental tests were given first. The 
exceptions occurred more frequently with the young 
infants, who were often asleep or drowsy when brought 
in. In such cases other tests were made until the child 
was awake and active enough to respond readily. After 
the mental tests a series of reflexes were tested, and 
physiological and anthropometric measures taken. In 
the early ages the mental tests took up a very small part 
of the period, but later their length increased, until, at 
the 30- and 36-month rests, they rctiuircd between .30 
and 4-S minutes. It was found necessary to adapt the 
time of examination to the mother's and the infant’s 
schedule. In so far as possible each baby was brought 
at a time when it was usually awake and playing, and 
at the same time of day each month, 

But these precautions do not insure, with young in- 
fants, a regular and exact procedure of testing. In the 
early months, responses to a given stimulus depend to 
a large extent on the child’s mood and degree of wake- 
fulness. A child may blink at an approaching object 
once, but not every time. He may or may not smile 
when smiled at, depending in part on his physical com- 
fort or discomfort, as well as on the presence of a con- 
ditioned social response. Because of this variability, 



MKN’TAI, GROWTH DURING THE FIRST THREE YEARS 


23 


scores caniuit be confined to tests applied in a definite 
serial order, but the order itself must depend on the 
child, and he iitay be expected to manifest a given abili- 
ty at any time during the observation period, even 
though he failed to do so when a specific opportunity 
was afforded him. 

Another variable factor in infant tests is the role 
played by the examiner. The importance of the ex- 
aminer in the testing situation was found to change 
with the age of the child. During the first two months 
this factor was relatively sliglit. Soon, however, the 
children developed an interest in faces, and a tendency 
to fixate large moving forms. For these reasons, dur- 
ing the tests given in the crib (except when her pres- 
ence was a part of the test situation) the examiner stood 
at the end of tlie crib back of the child’s head. In this 
position she was not in his range of vision and did not 
distract his regard from the presented test object. A 
little later, a friendly social attitude made the child 
happy and responsive, until be developed a fear or dis- 
like of tlic unusual and of persons be did not know. 
During this period (which in some cases began as early 
as seven months and in others lasted as late as twenty- 
four months), with children who sluiwcd this reaction, 
the examiner effaced herself from the situation as much 
as possible, remaining ijuiet much of the time, keeping 
the child’s attention on the toys instead, Only after the 
chiklren had again hecornc socially cooperative did the 
examiner find advantageous the personal "rapport" ad- 
vised in the usual test procedures. 

The infants were tested while lying in the crib in the 
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early motuhs. Then, siariinji with icsi ivcm smne 
of the tests were given with the chilil scaicdi at the 
table in the niinlicr's lap. After aVenu h nmnihs of 
age, all of the tests were given with the chilil silling 
at the table, and when lie was able he sat al«tnc in a higli 
chair. A period of adjustment i<» the strange plate w.is 
often necessary; but if a shy or distressed iliild was 
seated at the testing table witlt toys in front of him and 
his mother close beside him, he usually hccame inter- 
ested in the toys and startcsi to play. When the child 
had become accustomed to the situation and bad for- 
gotten his inhibitions in play, the test maierials were 
substituted for the preliminary toys. 

G. The Tiist Items 

The test items used in this stinly were selected on the 
basis of their probable validity in imlicaiing ‘‘nieiua!” 
development. Gross bodily coordinations and motor 
tests have been excluded from the scries, ami will be 
treated separately in a study of motor dcvclopnicnt. 
The mental series includes tests of adapiabiliiy or 
learning and tests of sensory acuity and fine motor 
(manual) coordinations. The latter are included in 
the mental scries because they seem related to the 
manual tests (such as the peg boards and fonnboards 
and block-building) which occur in most preschool 
mental tests. The first-year items have been assembled 
from a number of sources, among them the lests of 
Kuhlmann (37), Gcscll (20, IB), Jones (30), and 
Lippman (40), The selection of te.sts uscmI, and, in 
many cases, the methods of procedure and .scoring, 
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have been adapted to meet the conditions and purposes 
of the entire developmental study. Of the above-men- 
tioned tests, Gesell’s, beinj^ the most complete, were 
drawn on most heavily. Beginning with the second 
year, the tests used were the California Preschool 
Schedules I and I I, which were arranged by Dr. Adele 
S. Jafra.” 

For the purpose of recording the infants' perform- 
ances, the test items were grouped by months, accord- 
ing to the age levels which had been assigned to them 
in the studies from which they were taken. A few 
of the items have been omitted from the final treatment 
of results, bccau.se they failed to elicit difTercntiatiiig 
behavior at successive ages, or because they were not 
observed in a sunicicntly large number of the children. 
The items which have been retained for the study of 
mental development are given in 'Fable 4 in the order 
of difilculty found for the 61 Intensive Study infants. 
The method of securing this difficulty order will he 
discussed later. 

In addition to the list of test items in their dilliculty 
order, Table 4 includes their scale and age placements, 
and the various groupings used in an analysis of the 
results. 

'Fhe items selected for the first year of the study have 
been organized as a test group, and described in detail 

tpst is a srtrctmn fniin srvrral stjin<lan![/.C(l trsts 

[Ckscll (l«), Mfiinrstifa (^VS), Mrrrill-Paliiicr CAVD {\2), 
iStanffinl Minrl ami Haylfv C^)), wiili ilir inMitHin tif 

iinns. I'lu' nnvv arriiriKCinriii is mil siamlardl/nl, and 
(T I lain id tin* it mils <d ilu* final tpsi will pniiialdy vary, in a ivw 
places, frnin ihi* iit^ins usvtl ticrc. 
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'rABLK + 

MENTAL DEVELOP MLNl* TES'E 1 
Listed in Order dt DiPf K:i-i.Tv 

•I'KMS 


(1) |2I 

Itfrin Kft, iNamp »• 

A?yR?!» 

iMt 

I't 

fi* 
f A 

m 

vn 


<71 

lU 

flirt 

1 poiiural aUjutrntCfil vrbcn lifictl 

M 

5 

A 

X 

il 

K’ 

2 Lfiicriil kcail mavcmenu, 

M 


B 

V 

V 

C 


3 Monicnrary rcKartI «f rmn 

M 

.6 

A 

c 

c 

c 

•V Kt!ipoivJ« lo 

M 


W 

Xi 

5 ProionK^tl rci^ard fioK 

6 MorUontal eye co^rdinaiintt 

M 

12 

n 

X 

c 

c 

AZ 

12 

A 

X 

c 

7 Responds \o voice 

M 

11 

A 

V 

c 


S /Vrm ftTvd \eg ihruiU p\ay 

A\ 

\\ 

A 

V 

c 

c 

c 

9 Verticil I tye coord ioaii cm 

A6 

1,4 

H 

Y 

X 

c 

10 Circular tye coordinalion 

a? 

1.45 

3) 

a 

11 S<K:lal smile 

.17 

l,4S 

A 

X 

13 

tr 

12 VocBHzatioii« 


1.51 

» 

Y 

c 

13 Turns eyes to lighl 

24 

1,9 

11 

X 

c 


14 Free tnspecuon 


U 

A 

Y 

c 

c/ 

15 Eyes follow pencil 

SZ 

23 

A 

Y 

c 

c 

16 AniiclpAiory excittmcni 

JJ 

24 

11 

X 

Y 

p 


17 Msnipuiaws rlftR 

.43 

2.9 

A 

c 

c; 

IE Reaches for ring 


3-0 

B 

X 

l> 


19 Blinks at shadow 

A7* 

34 

11 

X 

13 


20 Voefliizes lo soclfti stimulus 


S.l 

B 

Y 

c 

C' 

21 PJngors hand ]n play 

.49* 

3.2 

}l 

Y 

C" 


22 Reacts to paper on face 

21 CuTrl« to 

.49 

3,2 

H 

X 

c 


M 

3.5 

A 

Y 

c 


24 Aware of strange lituailon 

.52* 

3.3 

A 

Y 

13 


25 Rollovvs vanUhing objea 

26 Anilcipfttory adiusvmetu to 

.53 

3.35 

A 

Y 

c 


mg 

.54 

3.4 

A 

X 

l> 


27 Regards cube 

.55 

3,45 

II 

X 

c 

(V 

2E Play with rattle 

.57 

3.5 

A 

X 

c 

c/ 

29 Manipulates table edge 

,61t 

3.6 

A 


c 

(r 

30 Inspects hand 

.62 

3.65 

n 

Y 

c 

cr 

31 Closes on dangling ting 

.70* 

3.95 

A 

X 

n 


32 7^urns to sound 

.72 

4.0 

B 

X 

D 


33 Beginning thumb opposition 

.74 

4.1 

II 

X 

c 

c 

34 Active table manlpulnilon 

44t 

4-4 

l\ 

X 

c 


35 Reaches for cube 

.88 

4.5 

A 

X 

n 

c 


36 Rye cooperation in reaching 

1.00* 

4.8 

A 

X 

cr 

37 Partial thumb opposition 

i.to 

5.1 

A 

Y 

c 

c 

38 Ricks up cube 

M2 

5.2 

A 

K 

c 

cy 

39 Retains two cubes 

M6 

5.3 

B 

V 

Q 

cr 

tv 

40 Regards pellet 

l.lEt 

5.3S 

ri 

Y 

0 

41 Recovers rattle 

ME* 

545 

u 

X 

c 


42 Discriminates strangers 

1.85t 

5.55 

11 

X 

I) 


43 Vocalizes eagerness 

l.JO 

5.6 

B 

Y 

c 
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'fADLE + {cofilhmed) 


01 

llna Kn, r*t 1^1 

(3) 

AIho* 

luie 

icon) 

(4) 

t:A 

r<Uri»> 

fiipni 

(5) 

A.ii 

(6) 

x-y 

hsiltr* 

(7) 

1. 11 
gO»U|i) 

(81 

c 

Urtoi 

•14 

Sfinuluncoiin flexion Qml thumb 
upp()»ition 

1.34 

5.75 

A 

Y 

c 

C' 

45 

l.ift*! Clip 

I.35t 

5.8 

A 

X 

c 


H 

Pnper |ifay 

1.35 

5.8 

A 

X 

c 


47 

Acceptfi 2nd cube 

L37 

5.85 

A 

Y 

c 


48 

Vf>cflnK!c!i pleasure 

1.38 

5.9 

1) 

Y 

c 


4$ 

VoralizcB displeasure 

t.39* 

5.95 

A 

Y 

c 


50 

Kenchea persistently 

1.46 

6.05 

D 

X 

I) 


51 

'furns after apoon 

1.47 

6.1 

A 

X 

D 


52 

Mirror ima^c approach 

1.47* 

6.1 

li 

Y 

c 


55 

Picks cube deftly 

l.S2t 

6.2 

A 

Y 

c 

C' 

54 

Several lyllalilca 

1.54 

6.3 

A 

X 

0 


55 

Dangs I'n play 

1.57 

C.3S 

A 

Y 

c 


56 

Sustained inspecticin of ring 

1.59 

6.4 

U 

X 

1) 


57 

Unilateral reaching 

1.61 

6.45 

A 

Y 

0 

a 

58 

Vocalir>cs satisfaction 

1.62 

6.5 

II 

Y 

c 

C' 

59 

Lifts cup by handle 

1.65 

6.6 

li 

X 

c 


60 

Kxplnitive strinu play 

1.72 

6.7 

A 

X 

I) 


51 

Kotates wrist 

1.75 

6.7 

11 

\ 

c: 

c 


62 

bcoops peHci 

Smiles at intake 

l.«4 

6.8 

D 

Y 

c* 

6} 

1.95* 

7.2 

A 

Y 

c 

13 


64 

Interest In hell details 

1.95 

7.2 

II 

X 


65 

I^Kiks for spoon 

L96 

7,25 

A 

X 

D 


66 

Krolic 

1.97 

7.3 

11 

X 

1) 


67 

Pulls string; secures ring^ 

1.98t 

7.35 

A 

X 

D 


68 

Vocal recogaiiitm 

2.00* 

7.4 

A 

X 

X 

V 


69 

Sound prudticiiorii Interest 

2.09* 

7.6 

A 

1) 

C’ 

70 

Complete thumb opposition 

2,10^ 

7.65 

D 

V 

c 

c 

J At 

71 

Partial finger prehension 

2.22 

7,8 

A 

V 

c 

c 

72 

KeiaiiH 2 of 3 cubes 

2.30t 

H.O 

11 

y 

D 

c 

73 

Vf>cal|ze» interjections 

Attends scrilihllng 

2J5 

H.t 

II 

Y 

c 

1) 

c 

74 

2.35t 

X.t 

il 

X 


75 

Cootierates In games 

2,49 

8.45 

A 

X 

I) 


76 

Ivxplults forinlioard and block 

2.51 

8,5 

A 

X 

I) 


77 

Listens to fnmilinr words 

2.51 

8.5 

A 

Y 

1) 


7H 

Snys iin-Jti or cipiivaicjit 

2.55 

8.55 

n 

X 

c 

C' 

4'S9 

79 

Explores formhoard holes 

2.57 

8.6 

i\ 

X 

c 

13 

c 

iiO 

Aticiiipl to flccurc! 3 eiiltes 

2.61 

8.7 

A 

Y 

VJ 

SI 

liitcrrst in throwing 

2.69* 

8,9 

11 


p 

c 

n 

Pine prclicnsion 

2.90 

9.3 

D 

\' 

c 

n 

c 

S3 

Pulls string adaptively 

2.971 

9.5 

11 

X 


u 

Uses handle; senircs cube 

2,99 

9.6 

A 

X 

1) 


S5 

I’ lay to mirror 

3.07* 

9.7 

li 

V 

13 


86 

Diirerenibites words 

3.13 

9.8 

A 

V 

1) 


87 

HliiK’t bell piirposively 

3.16 

9.9 

D 

X 

o 


88 

Puts cube in cup 

3.41 1 

1(1.4 

A 

X 



89 

Scrihide imiiptlon ntiernpi 

3.421 

10.4 

D 

X 

0 
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TAHLK 4 U^fniinufii) 


(1) 

jSf*i X«wr pI 

li;i!l 

M:l 

€\ 

rv •'’'■'I 

A-m 

■% r 

iU 

t 

f j -■'..t- 

OQ 

Unwraps 


1U.6 


X 

iV"' 

n 

Holdn crnyoii adapiivdy 

1751 

112 

A 

V 

ii 


Inliihiifi on t^rnmund 


11$ 

H 

1l 

ii 

93 

Rdpears: [aui;h«d at 


WJ* 

A 


i> 

9+ 

Siri^tca UoU imiutivcty 


116 

U 

\ 

SI 

95 

Imiialcn wordji 

3,92* 

117 

H 

V 

It 

96 

Spoon iinitafion 

4.11 

12 1 

IS 

A 

i> 

97 

Ho Ids cup (0 drink 

4J2* 

12 2 

H 

A 

V 

98 

Adjuaifl round block 

429 

126 

A 

S 

V 

99 

Says iwa word^ 

4.44* 

12.9 

.A 

\ 

p 

100 

DahKics ring liy suitig 

4.49 

III 

A 

X 

V 

lot 

SponiancoMS scribble 

4Al 

\yz 

n 

X 

p 

102 

EisprcBsIvo jargon 

4.66 

n.s 

IS 

V 

V 

103 

Tower oi 2 c\ihti 

4.66 

n.$ 

U 

X 

1) 

104 

Places 1 peg repeaictlly 

4.71f 

IJ7 

A 

X 

p 

105 

One block In Hay Icy board 

5.20 

15.1 

IS 

X 

p 

106 

KoMTitl block \i\ CjCScU board, rc- 







Versed 

S.JI 

15.2 

A 

X 

p 

107 

Looks a\ picuwti 

5.341 

IS $ 

A 

Y 

p 

108 

Throws a ball 

54 St 

\yt 

H 

V 

c 

109 

Tower of 3 cubti 

.s/id 

16 3 

n 

Y 

p 

no 

Turnr pages 

5.66 

16.6 

A 

K 


111 

Sfiuare or triangle ia CxcneH 







board 

S72 


IS 

\ 


112 

Plaices pegs in 70" 

SMf 

17.2 

A 



U3 

Tvi/o round blocks m Hayley 







board 

SMf 

17.2 

IS 

V 


114 

Names 1 object 

s.n^ 

17.1 

A 

X 


Il5 

Puts cover on bojc 

S.9J 

17.5 

A 

X 


U6 

Places pegs in 42** 

$.94 

17.5 

A 

Y 


1I7 

Mends broken doll 

6.0$ 

177 

IS 

X 


ng 

Imitates a stroke 

6.0$* 

17.« 

A 

X 


119 

Finds one obiecx 

6.161 


A 

X 


120 

Places Pegs in 3S'* 

6.1g 

18.2 

A 



121 

Names 1 picture 

6.32 

18.7 

H 

X 


122 

DHtercnUaiea scrlbhU and 







stroke 

6.16* 

lg.9 

H 

X 


123 

Names Gcscll watch. 5th pic- 







ture 

6,S2 

19.4 

A 

V 


124 

Names z objccu 

6.56 

19.6 

U 

X 


125 

Naniea Gcscll watch, 4t1i Picture 6,56 

19.6 

H 

Y 


126 

Dificnmlnaies cup and {date 

6.65 

19.K 

H 

X 


127 

Turns door kho|> 

6.72 

20.0 

H 

V 


128 

S<iuore or irlanglc In Ocsell 






t)onrd, reversed 

6.7$ 

20,1 

11 

X 


129 

Bnylcy board, n)BO 2 squares 

6.8fl 

20.2 

A 

X 


130 

Finds 2 ohjccu 

6.ft3 

2lb+ 

U 

X 
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TABLE 4 {confinaed) 


in ^ 

IlcBt Nrt. A'jijpf? ill 

i«t« 

Mmli} 

tn 

C\ 

I'lai-f • 
Mi’rtl 

tfO 

A-n 

131 

AM 3 hliKksi in reversed hci-ird 

6.91 

20.6 

n 

132 

DuinU in 3 Fk’turtfjt 

6-93t 

20.7 

A 

133 

pCRW in 30^ 

7.00 

21.0 

11 

134 

Dif^cririiinaicft cup, plate, box 

7*06r 

21.1 

A 

135 

N'aiiiC)i 3 pitthjrcs 

7.UH* 

21,2 

B 

lU 

Hufidfl lower of 6 cukcs 

7.10 

21.3 

H 

137 

NaiiiC5 3 oBjccls 

7.18 

21.5 

A 

13S 

DiffcrcniialcB tower and nyra- 





mkl 

7.30* 

22.0 

A 

139 

Cumpleicit Baylcy lioard in 150*' 

7.59 

22.8 

A 

M(l 

Poinu lo 5 piciiires 

7.67 

23.1 

n 

HI 

Hayley lioard in 90" 

8.03 

24.3 

A 

H2 

Narnt^i 5 pirliiren 

8,05 

24.4 

n 

143 

NanitPt CicRcIl wniirli, Ncruml pic- 





inre 

8.07* 

24.5 

A 

144 

Iiniiairf) Alrokc«p, vcrikal and 





hori/oriial 

8.21 

24.9 

n 

145 

Undcr«iandfi 2 prcioiniiion^ 

8.23 

25.0 

A 

146 

I’oiiU'i iw 7 piVhircn 

8.2Hf- 

23.1 

A 

147 

Buildji lower «f K i iiIich 

8.3ftt 

23.3 

A 

148 

Bclctii "lilg*' olijcri 

8.3H 

23.4 

B 

149 

Mciiifiry: 1 ol>jcri 

8.72 

26.5 

A 

[50 

Jlnyley boanl in f*o" 

8.75* 

26.6 

A 

ISl 

Pliireji pcgn in 22'* 

9,00 

27.4 

A 

152 

Four-fonil truril, 2 rnrrcci 

901 

27.S 

B 

153 

Untjcr»[and» 1 firepoiiiioiiH 

9.1H 

28.0 

A 

154 

Porni curd, 1 correct 

9.1S 

28.0 

B 

155 

ikiilfli 3 -cube pyruini<l 

9.20 

28.1 

H 

156 

Polnid lo *'liiiy** square 

9.29 

2.S.3 

A 

157 

Picture coiiipkiinn-, 1 correct 

9.32+ 

2H.4 

B 

I5S 

Puriii (iooplciinoft. I rorrcti 

9.77 

29.8 

A 

159 

Innialcif'f'necond (rial 

9,821 

29.9 

H 

KiO 

Memory; 2 objcct^i 

9,82 

29.9 

A 

161 

Bay Icy Imard in 4 5" 

9,87 

30.1 

H 

162 

ly^rurc compIcMons 2 

9.96 

30.4 

H 

163 

I'our-form card, 4 

9.99 

30.6 

B 

164 

Ihiiloics 1 bulinn 

IIMS 

31.1 

H 

165 

I'orin card, 2 

10.29 

31.5 

B 

166 

Arti<»n agent. 2 

10.42 

31.9 

A 

167 

Piciurc tleitcripiion; ndjccilve or 




verb 

lo.iri 

32.0 

A 

16S 

Iiniiuicn-^Mirnt (rial 

10.61 

32.4 

B 

169 

NuipM'h 7 |ilciofc?» (coniponilc) 

10.761 

32.9 

A 

170 

Poiiii copMitlriioiit, 2 

IO.S3 

33.1 

A 

171 

Al l ion iigcni. 5 

jn.K5 

33.1 

B 

172 

Form rpinl, 4 

10.97 

33.6 

A 

173 

Jbjilds pippk lower in 75" 

IJ.liO 

33.8 

B 


( 6 ) ( 7 ) (* 3 } 

x.r cu 


X 

X 

y 

Y 

Y 

Y 
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*rABLE 4 ) 


a\ (aj 

UsM Kfr, 

17+ Knowa 5 prevn$Ui^nn 

175 Pirtk lower in -10*^ 

176 Pink lower in 28*^ 

177 Copies 1 circle^ 3 iriah 
t 78 Dlicriminaieji long line 

179 Action flKtnt, ? 

180 Form ettrd, 7 

181 Rcmcmhcra I of + picitiiM 

182 2 buUom in 75*’ 

183 Action tiRcnf, 12 
18+ Form coinplciiona. + 

185 Picture discrimination, urck 
prcpoihion or pronmin 















m 

Kt m 



^■n 

%r 

tv v* 






}^^n 

n.^ 

11 



MU 

3« 1 

A 



II 25 

J4 5 

)l 





A 




14 7 

H 



JIJI 

UM 

A 



IIJJ 

J$l 

A 



IIJI 

3U 

A 



wn 


A 



laus 

37X1 

11 



1115 

175 

l\ 



12.53 

VS 

W 




*lum$ murkttl • by absoiuie SfOklc show dilbiAilty with 

aff^- 

thems mivrkcd + show tlecceasinK ilitbculiy with 

Columns (3) lo 18) will he erpiaiord later in ihc itsK ^11 on pa^r* Sit 
and 5l» (4> paitc 52. (5) p«K« 1+, Ul 57, ^7) \s%nt. ami (S) i»h 
pnge 60. 


Additional TBS^r^i Passed bv On^ ok Mo»k CiiiroKPNj, ptm 
Wiiicit No DiFPfcui,r\' Plackmuktis W^kk Madh 


Name of test 


half 


Name «il 


A-U 

tidf 


Six-cube pyramid A 

Copies 3 of 3 circles D 

Form card, 9 A 

Form recognllion, 2. ij 

ic u 5 

Prepositions on picture, 6 B 

Pink tower 19^' A 

Differentiates 2 and 3 A 

+ nnd $ A 

Action agent, 16 IJ 

Opposites, 2 U 

Pictures, inicrprecniion A 

DefinUions, 2 U 

‘*4 A 

Form complctionB, 7 A 


Capjt!i gate H 

Cupics 1 wf 3 MianKiri A 

Form recomtiimn, I 11 

1 A 

Preposihon^ cm jiirnuc, 4 H 

Right and Icfi A 

PinV lower B 

DiffcrcmiaieH 3 and 4 ]; 

Aciion agent, 14 ]\ 

OppoMien, 1 A 

Vii‘turf«t, pan nr plural A 

Dcfioiiionit, 1 A 

3 

Memory, 6 M 

Picture coutpledmt^, 1 U 
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in another paper (6). 7'hc California Preschool Tests 
are now being prepared for publication. 

D. Limits of Ti-sting 

Each test was repeated at successive visits until the 
child passed it two months in succession, and the ad- 
vanced tests were always given until a difliculty level 
was readied where no tests were passed. As a rule this 
did not unduly prolong the time of the tests with the 
infants under one year, because many of the test pro- 
cedures arc scored simultaneously at several difficulty 
levels. 

E. Mmiou OF Seoul NG 

For the purposes of the present study, a point score 
was used tlirougliout the three-year period. A child’s 
score at any given age was cumulative and unweighted, 
obtained each month by adding the sum of his new 
successes to the previous score. If he failed an item 
which he had passed at the previous visit this item was 
subtracted from the score at the month in which he 
failed it, and added later when it was again p.assed. 
Some of the earlier successes, by their very nature, 
dropped outwitli maturation, so that even though they 
did not specifically occur in the later montlis, credit 
was not deducted. K.\amples of these are: arm thrusts 
in play at one or two months; carries ring to mouth at 
three months; manijuilutitin of the table edge at four 
and live months; prolonged inspection of the ring, and 
bangs in play at si.v months. Since the cliihl did 
things which were on a more mature level, he was au- 
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tomadcally given credit for such tests as thcie, which 
he had passed when younger. In a few instances a test 
was not passed by a child at any visit. Alter the child 
had definitely established a "basal” at an age altovc (his 
unpassed test, the scoring procedure was to adjust his 
point score (o the higher basal, rather than to penalize 
him longer for failure to perform at an ouigrtnvn level 
of behavior. 

In working out norms for placcincnis of the indb 
vidual items a somewhat different procedure was fob 
lowed. Here a success wos not counied until it had 
been achieved two months in succession, alrliuugli the 
first of the two consecutive successes was used as the 
age of passing. This was done in order to eliminate 
to some extent chance successes which might have rc' 
suited from random activity nr an insuflicicntly dis- 
criminating subjective judgment on the pan of the 
examiner. If, during the first year {the period of most 
rapid growth), a child failed a test a monih after ihi* 
first success was recorded, it is very likely that ihc 
early success was not a real indication of ability. As 
another precaution against erroneous dilliculiy place- 
tnents, first successes following an absence or an omis- 
sion at the regular preceding test age were nm inchulctl 
in the norming of any item. Thus, if a child passed a 
test for the first time at nine months but liad not been 
tested at eight months, this case was not used in the 
placing of that item, as there is no sure way of know- 
ing whether the child might have passed llie test at 
eight months, In this way the norms were based on 
the most accurate possible measure t)f Ursc appcariuwc 
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of an ability (within the standard one- or three-month 
intervals of testing), while the individual child’s point 
score was that which he would have obtained on the 
basis of a single test, scored independently of earlier 
or later achievements, 

To recapitulate, then, the total test score assigned to 
each child for each test is a cumulative point score 
based on his actual successes at that test period. The 
di/Rculty placements of the individual test items, on 
the other hand, are obtained from the first of two suc- 
cessive passes of those cases in which the child had been 
given, and failed, the item at the previous age level. 



m 

REsui/rs 

A, RELlABILltr OF the 'riuSTS 

Since it was not feasible, under ilie conditions of the 
testing program, to repeat an entire test within a short 
interval, the reliability of the tests was computed by 
the split-half method. For this purpose, items were 
paired on the basis of similarity in difficulty, in nature 
of the function tested, and in range of successes. Simi- 
larity of function, while of necessity judged subjective- 
ly, still seemed important to consider when dividing 
the tests into as nearly as possible ‘Mdcniicar' halves. 
Unfortunately, it was not always possible to find for 
any given item a mate which was similar both in func- 
tion and in difficulty. In such eases, unlike itcm.s of 
approximately equal difficulty \vcrc paired. In addi- 
tion to the difficulty placement, the age range and dis- 
persion of the distributions of first passes were taken 
into account. After the items were paired they were 
arranged into Groups A and B, with the groups, as 
nearly as possible, equal in the variety of perhjrnianccs 
tested and in difficulty at each month. This division 
into A- and B-halves was done with great care for the 
first-year items, but in a more cursory way for the sec- 
ond- and third-year tests, as these latter were grouped 
before complete information on the difficulty place- 
ments could be obtained. 

From Table 5 it will be observed that the reliability 
of the total test (using the Spearman- Brown correc- 

[ 34 ] 



MKNTAL GROWTH DURING TUB FIRST THRBK YEARS 


35 


I'ABLE 5 

Si*lit'Hai,k (A X 15) Ki-:i,iaiiiutv Correlations for Each Age 

'I'ESlTil) 


Motiih 

No. nf 

ETA 

tfU 

r 

r f(ir 
lota) 

(cat 

1 

"^52 

,73 

l.ia 

.462 

.632 

2 

n 

1.16 

1.44 

.341 

.509 

% 

61 

1.S6 

2.04 

.590 

.742 

4 

5S 

2.55 

2.54 

.769 

.869 

5 

SH 

3.34 

2M 

.827 

.90S 

« 

57 

5.04 

4.09 

.905 

.950 

1 

52 

3.92 

3.97 

.867 

.929 

1 

53 

3,47 

3.52 

.866 

.928 

9 

56 

2.78 

3.36 

,706 

.823 


56 

2.51 

2,65 

,716 

.334 

a 

52 

2.43 

1.94 

.751 

.858 

12 

51 

2.05 

2.04 

.609 

.757 

n 

53 

2.47 

2.50 

.645 

,784 

H 

40 

2.30 

2.37 

,602 

.751 

IS 

53 

2.75 

2.56 

.754 

.860 

n 

51 

3.06 

2,92 

,860 

,925 

21 

S3 

4.0B 

3.38 

.702 

.825 

24 

48 

4.52 

3.30 

.665 

.798 

27 

51 

4.67 

3.62 

,782 

.878 

30 

47 

5.00 

3.72 

.805 

.892 

36 

49 

5,19 

4.74 

,725 

.841 

tion) is 

for most months above 

.80/' The 

average is 


M2, In the first three months, however, it is low (.51 


to .74-) ; it is also low from twelve to fifteen months 
(.75 to .78). The highest values are reached between 
five and eight months (.91 to .95). Since the fiuetiia- 
tions ill reliability seem to be influenced by factors 
other than chance, they call for a word of interpreta- 
tion. 


“'I'Ir'sc coiT(>l;iti)ti)M oiiild lx* corrected for varialiility dilTercoccs, 
makintr all standard devialtons a|t|no.viinaieIy <an>al I" the six-innnlli 
.standard deviations, or ,5.0. Dm if this were done, tlie increase in 
tlu'. si/e of tite standard deviatitnts for tlic early inontlis wotilil he 
relatively so it'c.'tt that the correction docs not .seem justiflahlc. 
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AUhougli the items were selected with the hope that 
there would be an approximately equal number for 
each age level, their actual distribution in cliflicuhy 
turned out to be uneven, with many more items near 
six months in difliculty than near twelve months. Such 
a distribution increases the reliability of the tests for 
the ages at which there arc many items entering into 
the total score, and decreases it where the items arc few. 

Since the A- and B-haIvcs were selected with great 
care during the first twelve months, It seems unlikely 
that the sudden decrease in the split-half reliability 
correlations after eight months is due to a less adequate 
pairing of the items at these ages. 

It is possible, also, that at some ages the test items 
used in this study depend more largely on maturation 
than on environment and training, and hence are more 
reliable than at other ages where the reverse conditions 
hold. 

Further differences in reliability may be inherent in 
the different maturity levels tested. In the neonate, 
behavior patterns are not yet firmly established and the 
responses to a stimulus are diffuse and varied, making 
it impossible to obtain reliable measures of mental 
niaturity through short-time observations. When these 
patterns become stabilized the reliability of the tests 
increases and stays high, up to a point where a greater 
diversity of response is possible and where aiiotlier 
variable factor enters with the development of social 
attitudes. At the ages when the children arc most like- 
ly to be disturbed by the unusualncss of the place and 
testing situations, the test reliabilities fall. They grad- 
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ually increase again as the children develop in social 
adaptability and become positively responsive to adult 
requests. 

The correlations between total scores in tests given 
at adjacent months may also be considered indicative 
of reliability, especially between months 7 and 15, 
where the monthly increment is small enough so that 
the two tests involve, for the most part, the same items, 
and a similar level of ability. These correlations 
(Table 8) follow the same trends as the split-half cor- 
relations; they indicate low reliabilities during the first 
four months and fairly high ones thereafter, especially 
at si.\' and seven months. If \vc select those successive 
tests whicl) .are sufllciently similar to be considered re- 
tests, that is, the eight combinations from months 7 
to 15, inclusive, wc find that the correlations range 
from .7.1 to .87, with an average of .80. The correla- 
tions of consecutive tests for the wliolc series, from 
month 5 through month 36, range from .71 to .89, and 
average .82. 

Both of the foregoing sets of correlations show that 
the tests, after month 3, with the possible exception of 
months 12, 13, and 14, are as reliable as most preschool 
and infant tests of intelligence.*” Goodenough (23) 
obtained, for two-, three-, and four-year old children 
on the Kuhlmann-Binct, a correlation of .81 between 
tests given four weeks apart. On the recent Minnesota 
Preschool Scale (25) the reported reliabilities are 

’“A furtlipr of this scale should he concerned, priin.irily, 

with tile addition of tests at and near the one-year level of iihilityl 
and the suhstiiution, if pussihlc, of more rcliahic measiire.s of ahilities 
in the first four innntlis. 
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higher, the average for a single form of the scale be- 
ing .89. Linfert and Hierholzcr (39), in their lirst- 
year mental tests, using the split-half method, with the 
Spearman-Brown correction, obtained an average cor- 
relation of .81. 

It seems passible, then, after month 3, to draw con- 
clusions in regard to growth trends with a fair amount 
of confidence in the reliability of the testing instru- 
ment. This is especially true if the average score on 
two or three tests is taken as a measure of the child's 
performance. 


TABLE 6 

CUMUCATIVB PotNT ScORBS: MbANS, MEOrA.V'S, ASO S.!).'.*! 


Mofiili 

No. of 
casett 

Mean of 
total 

Mciilun 
of toul 

K.l).» 

Mran ol 

Mean of 
Itirli 

1 

52 

4.58 

4.54 

1.50 

4,65 

4,50 

2 

58 

11.60 

11.65 

2.13 

11.71 

M.48 

3 

61 

18.48 

18.14 

3.47 

19.19 

20.27 

+ 

5B 

28.76 

29.07 

4.79 

la. 11 

27.29 

5 

58 

38.31 

39.00 

5-94 

39.97 

16.41 

6 

57 

48.93 

51.00 

8.92 

51.50 

46.07 

7 

52 

60.90 

61.50 

7.62 

62.63 

S9M 

8 

53 

70.98 

72.25 

6.75 

72.40 

69.71 

9 

56 

78.27 

7R.SQ 

5.52 

78.11 

78.41 

10 

56 

85.77 

86.50 

4.78 

8S.fM 

85.79 

11 

52 

91.04 

9L7S 

4.10 

90.71 

91.42 

12 

53 

96.06 

96.38 

3.67 

95.85 

96.27 

13 

53 

100.28 

100.67 

4.S0 

101.08 

99.52 

14 

46 

104.41 

104.90 

4.30 

104.55 

104.29 

IS 

52 

107.92 

107.64 

5.01 

108.54 

107.31 

18 

51 

118.59 

118.00 

6.36 

117.88 

119.32 

21 

53 

130,87 

130*75 

6.94 

129,96 

IU.74 

24 

48 

141.48 

141.50 

7.43 

141.15 

141.86 

27 

51 

150.51 

152.00 

7.84 

149.15 

151.92 

30 

47 

158.04- 

157.17 

8.29 

I57J2 

158.86 

36 

49 

172.41 

173.00 

9*22 

170.52 

174.37 


•For moiKhfi 13-36 smoothed iiondnrcl deviiiiinn values (nhiafucd trotii 
a curve fitted by eye) were used in csIcuIaliiiB siRma scores. 'I'hc spuootticd 
S.O.'a arc, respeenvety, +.17, +.63, 5.13, 6.20, CM, 7.43, 7.«l, 8.29, and 9.22. 
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B . Growth Trends 

The menus and standard deviations of the raw cumu- 
lative point scores arc shown in Table 6. The means 
for the sexes have been computed separately, but these 
arc so very similar that all further computations have 
been made for the total group only. The number of 
eases in the sex groups would have been too small to 
yield reliable differentiations. 

Since there is an unequal distribution of the test 
items in difliculty, a growth curve plotted from these is 
of significance mainly in showing, especially in the first 
year, the rapid change in scores and the importance of 
chronological age in determining a child's score. When 
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the standard deviation is lakcn into coniidcraiion ii is 
found that the overlapping of scores at consecutive 
months is very slight (Figure 1 1 , Throughout the first 
year, where the correiavion betsveen CA and score is 
.98[, the mean plus one standard deviation for any 
month is lower than the mean (or the next test above, 
From fifteen months on, when the testing intervals have 


TABLE 7 

Pbrcentagb ov Ovbrilai'viko tmvimn Sotrrs in Schxesmvb 

T0-rs 


Tcit* one Ttjrl* JWi? 'rr*fn itlftc 

mqiiili Apart moiuhn apAti 


Ptreentngt of owr agtf txcticfling the mnliafi af a age 


u t 

0.0 

1- 3 

0.0 

M2 

OJ 

a- i 

0,0 

2‘ 4 

0,(1 

IM5 

0.11 

1“ 4 

0.Q 

3- 5 

u 


Ln 

+• i 

0.0 

4- 6 

0.0 

11-21 

SM 

5- 6 

1.72 

1- 7 

0.0 

21-Z4 

7M 

6- 7 

3.« 

i- 8 

0.0 


■1.1? 

7- % 

1.92 

7- 9 

0.0 

27»3«i 

UM 

8- 9 

S.S$ 

8*10 

ao 



9-10 

1M 

Ml 

0.0 

TifMs ni% wpmh* rtpari 

lO-U 

3.93 

10*12 

0.0 



IH2 

5.77 

\un 

0.0 

V8-2-4 


12*13 

11.32 

12-H 

IJ9 

24-11) 

4.17 

13-H 

18.87 

n-js 

3,7? 

Jd 16 

4.2fi 

H*A5 

L5.22 





Percentage of 

one age hehiv 

/he mei(hn of a 

■ age 

I" 2f 

0.0 

V' 3 

0.0 

942 

O.n 

2-3 

3.20 

^4 

0,0 

124 5 

1.92 

3- 4 

t.72 

3* 5 

0.0 

\W 

0.(1 

4- 5 

t .62 

A* £ 

0.0 

lS-21 

3.77 

S- 6 

rs.S 2 

S* 7 

0.0 

21-24 

4.17 

6- 1 

9.62 

6- % 

0.0 

24-27 

17.fi5 

7- 8 

13.21 

7- 9 

0.0 

2? 4 ft 

23 .Ml 

8- 9 

17.36 

8*10 

0.0 

MO 

10-11 

8.93 

11.34 

Ml 

10-12 

0.0 

0.0 

Tents m iTitiiitli!) 

U-12 

11.32 

H-ll 

3.77 

U*24 

D.l) 

12-13 

16.98 

12-1+ 

2.17 

l\AK\ 

tu 

13-14 

1M5 

21.74 

25.00 

1145 

1.92 

lO-Itts 

2.(H 
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increased to three months, this same condition holds, 
through twenty-seven months. After this, the standard 
deviation increases in proportion more rapidly than 
the mean score, and with the increasing overlap in 
scores of consecutive tests the chronological age differ- 
ences In test ability diminish, though they are still 
obvious. 

Another way of showing this rapid growth in the 
group is by Table 7, which shows the percentage of 
overlapping in scores at different ages. The first col- 
umn gives the percentage of scores of a given month 
which exceed the median score of the month succeed- 
ing. For the first five months there is no case in which 
a score overlaps the median of the month above. After 
this, there is a slight overlapping, which tends to in- 
crease with increasing age, liut if tests separated by 
two months arc compared, no score overlaps the 
median of the scores two months above, during the 
first thirteen months. If the comparison is made in 
the other direction, i.c., the percentage of scores in any 
given monthly test which are lower than the median 
of the previous test, there is sliglitiy more overlapping. 
But still, when two-month intervals are compared, 
there is no overlapping of the lower median until after 
twelve months. Making the same comparisons for 
three-month intervals, no score exceeds the median of 
the higher test until fifteen months, and no score falls 
below the median of the next lower test until twenty- 
one months, 'fhe trei\d is toward an increasing amount 
of overlapping of scores with increasing age. Ihiriiig 
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the first six months the, overlapping betrveen scores only 
one month apart is less than between the entire six* 
month intervals from twenty-four to thirty and from 
thirty to thirty-six months. On the other liand, in com- 
parison with school-age tests, where scores of icn-year- 
olds, for example, may range from 7-5 to 1 .1 years in 
mental age (62, p. 31), the marked importance of CA 
is still evident through thirty-six months. 

As for the actual form of the curve of mental growth, 
Thurstonc" has plotted an absolute scale curve based 
on our data for the first twenty-four months, 'riic curve 
shows positive acceleration during the first seven or 
eight months; then a very slight negative acceleration 
during the rest of the first year is followed by a com- 
paratively constant rate from fifteen ihrougli thiriy-si.v 
months.”* An extension of this curve by the same 
method, for data through thirty-six monihs, indicates 
that this constant growth rate continues up to this age 
(Figure 2).'® Whatever growth changes arc being 
measured here, it is obvious that during the first year 
* they are very rapid— more so than mental growth at 
any later period of life which has been measured. 

An inspection of the standard deviation curve 

^^This article by L. L, TJiurstonc is not yet pviblUlied. 

^“Stcckcrs (52) curve, usinj; the Thur«ime ab?»lutif scaliti)' 
method, and based on the Gcscll data, is negatively accelerated irom 
its start at four months. However, her data differ irm\\ <»( the 
present study in two important respects. Her pcrccru.ngps arc hasctl 
on the letter ratings given hy Gcscll ( 18) rather than on titc (triginat 
figures, and the Gcscll items include gross motor ctKtrdinaiiims, which 
have been excluded from tlic present mental dcvelopinrni .scale. 

the curve was drawn on a larger, less selected sample, cx- 
tcndiiig frorn 21 through 96 months, hy h'liss G, Cox, it was found to 
exhibit ,1 fairly steady deceleration throughout that period. 
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(Table 6 and Fif'urc 3) does not give such clear-cut 
results. If one were measuring some single mental 
character, one would expect to (ind (since the sample 
of children tested remains Cfuisiarit) cither a fairly 
constant stantlard deviation or one showing a consistent 
directional change. But, in the present test series, the 
standard deviations of the cumulative point scores in- 
crease steeply from one to six months, then with a sharp 
break make an cijiially steep decrease to twelve months. 
After this a gradual increase continues ihrougliour 
the setamd and third ycais.'* 

*^'riic curve of si.'iufiiird (Irvimions drrivnl I)y Tlinisionv's alisiiliiif 
scaliriff not show this hmiJt mi iJmiiik)i ilii'ir is i-viiJciue of 

n .sMtionary S.D. Iielween 9 ani! 12 inoiillis, instead of the continuous 
increase found earlier. 


H 
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FIGURE 3 

Standard Drviatjon Curvr; Cumulativb Point Samas 


What is the reason for the sudden check and decline 
in the increasing standard deviations during tlie second 
half of the first year? There seem to be two possible 
explanations. If the items were so unevenly distributed 
that a very large number of them clustered together 
at one age position while at another age they were very 
scarce, then there would be greater chance fv)r wide 
variation in the raw point scores at the ages where 
there were many items. Another possible cause of the 
sudden change in variability of scores coiikl be in tlie 
arbitrary joining together in the growth curve of dif- 



MENTAI. OROWTH DURtKO THE FIRST TllRKK YEARS 


+S 


fcrcnt kinds of function, developing at rates indepen- 
dent of one another, but at adjoining CA periods. That 
is, if, for the first eight or ten niontlis, tlic test items 
measure predominantly one kind of developing ability 
which readies, toward the end of this time, approxi- 
mate maturity, while the tests from eight or ten months 
on become, rather abruptly, measures of another kind 
of developing ability which matures later, and prob- 
ably started later--if this were so, tlien it would follow 
that as the early set of abilities reached the approximate 
limit of development (where the tests did not discrimi- 
nate individual differences), the standard deviation 
must decrease /wh'iic. a subsequent shift to measures of 
another type of ability would again change the trend 
of the standard deviations so that they would increase 
with increasing development in this new function. 

A study of the nature and distribution of the test 
Items, which will be considered in Section D, should 
indicate the extent to which these two factors have been 
operative in the present series of tests. 

C. CONSISTKNCY OF MliNTAL RaTING.S 

As we have seen in discussing the reliability of the 
tests, correlations between consecutive tests, even though 
there is a lapse of a month or more between tests, arc 
for the most part high (Table K). They average .82.'® 
But when alternate tests arc compared (Table 8), and 

*®If these coefficient!! arc correctc<l for altemiiitiori on ilic basis of 
the split-half reliabilities, they iivcrai'C .O."). However, the corrclii- 
lions between some of these iitljncent tests may, in thcin-sclvcs, lie 
considered .as reliability cocfficienis. 
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TABLE 8 

Corrbutjons bktwebk Mektai, Scobeb Maos ok Coxsecutivb 
Terrs and on Auterkaib Tests 


CotvRfiCulWc xmM 
CorriUiioft 
bevvfMP 

KOiist in. cri 

can* 

r 

i« S0-- »f 

r a Nt* 

r 

1 and 2 

SI 

.55 

1 and 3 

52 

.62 

2 and 3 

n 

.59 

2 and 4 

55 

,S1 

) and ^ 

n 

M 

S and % 

n 

.48 

4* S 

56 

M 

4 fltul 6 

56 

.40 

S and 6 

$S 

J3 

5 and 7 

n 

71 

(1 and 7 

49 

.89 

6 % 

SI 

.72 

7 and t 

47 

M 

1 and 9 


.75 

8 and 9 

50 

.79 

$ and 10 

49 

.72 

9 and 10 

5S 

M 

9 and U 

51 

73 

10 anti 11 

52 

M 

10 and 12 

51 

.73 

11 and \2 

49 

.87 

U and 1} 

41 

M 

n nntl l3 

SO 

.75 

\t and U 

44 

.79 

13 U 

45 

M 

M ami XS 

49 

77 

14 and IS 

43 


U and IS 

44 

M 

IS and 18 

50 

.75 

II and 21 

40 

M 

18 and ai 

51 

71 

IS and 24 

4S 

M 

21 and 24 

47 

73 

21 and 27 

51 

.71 

24 and 27 

47 

M 

24 and 10 

42 


27 and 30 

45 

M 

27 and H 

4? 

M 

30 and 36 

46 

.IS 





the intervals between tests become, for the first year, 
two months instead of one, and for the later tests, six 
months instead of three, the correlations drop. They 
average only .70. This definite decrease in relation- 
ship for such short time intervals raises the question of 
the consistency in the scores obtained in more widely 
separated tests. 

For comparisons over wider age interval.^, in order 
to rule out chance variations in a single test, the aver- 
age of three consecutive tests was used as the score for 
a given age level. In order that each test should have 
equal weight in these comparisons, sigma (standard 
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TAliLE 9 


Correlations between Average Sigma Scores 



Average Sigmti Score in 

Monih* 




4. S. 

7, ». 
and 9 

10, 11. 

IJ. 14, 
and IS 

U, 21, 

27, 30, 


and 6 

and 12 

and 21 

and 36 

1, 2» and 3 .57 

.42 

.28 

aia 


—.09 

io (3 

it 5< and 6 

JZ 

.52 

.so 

.21 

.10 

7, anil 9 


.81 

M7 

.19 

.22 

o o 

10, 11, anil 12 




.60 

.45 


13, 14, ami 11 




.70 

.54 

IS, 21, anti 24 





.80 


deviation) scores were computed for every test (each 
child at each age) , and the average of three consecutive 
sigma scores was used ; that is, the average of the sigma 
scores for months 1, 2, and 3 was correlated with the 
average for months 4, 5, and 6. Test scores were in 
this way grouped in threes through thirty-six months. 
The results arc shown in Table 9. This series of cor- 
relations, with remarkably consistent trend, shows that, 
though the children remain relatively stable in their 
scores over short periods, their position in the group 
is liable to great variation over longer age intervals. 
There is no significant relationship between a child’s 
scores in the first three moiulis and those ho makes after 
nine months (the correlation with months 10, II, and 
12 is .28) ; or between his average score in months 7, 
8, and 9 and his performance in the third year (the 
correlation is .22). 

There is, however, a lendcncy for the sigma scores 
to become more stable as the children grow older. Al- 
though this is not evident from Table 9, if we compare 
tests e<|ually distaiu from each other in absolute scale 
units of ability, we find that the older the children the 
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higher the correlation coefficicnis between sigma scores. 
This is shown in Table 10. The absolute units arc 
based on the Thurstonc growth curve and the ineve^ 
ment in these units was roughly computed, from the 
average of the first three months to the average of the 
second three months, and so on. Selecting from Table 
9 pairs between which the absolute scale increments 
are approximately equal, and arranging them in age 
order, we find a tendency to greater sialrility with 
growth, even though over wide intervals the correla* 
tions become very low, and there seems to be no basis 
for predicting later achievements from these early test 
scores. 

There arc several possible explanations of this lack 
of consistency in the test scores. Each child may have, 
during this early period of rapid growth, an inde- 


TADLE 10 

Comparison of Correlations arrwBHN Tests SBPARATfio by 
S lMltAH AbsOLUTB ScaUB 


Avtragt of scotti 
at monlb » 


4, S, and 6 x If, %, and 9 

7| S, and 9 x 10, 1), and 12 

10i It, and 12 X U, 14, and 15 

1, 2, and 3 X 7, 8, and 9 

4> 5, and 6 x 10, 11| nnd 12 

7, 8, and 9 x 13, H, ttnd 15 

13t U, and 15 x 18, 21, and 24 

18, 21, and 24 x 27, 30, and 36 

2, and S X 10, U, a!\d 12 
4, 5, and 6 x 13, 14, and IS 

10, n, and 12 X 18, 21, and 24 

1, 2, and 3 X 13, H, and 15 

7, 8j and 9 x 18, 21, and 24 

1, 2, and 3 x 18, 21, and 24 

10, 11, and 12 x 27, 10, and 36 


Abaolwlt 

interval r 


1,3 


,72 

1.3 


.81 

1,2 


.81 

2,07 


,42 

2.6 


.52 

2.5 


,67 

2.1 


.70 

2,17 


.80 

3.37 


,28 

3.8 


.50 

3.5 


.60 

4.57 


JO 

4.8 


.39 

6.87 


--.0-1 

6,67 


.4 5 
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pendent rate of mental cicvelopmcnt. These individual 
growth curves might differ in various ways: by one or 
more independent cycles of slow and rapid maturation ; 
by consistently tlifTering but steady trends of growth; 
or by complete irregularity in growth rates. 

Intelligence may not be measured in the early 
months. If so, one could argue that only as this general 
factor of intelligence becomes increasingly manifested 
in the test scores can the scores be considered to meas- 
ure that factor, and only when it becomes predominant 
will the scores be consistent, Systematic changes in 
attitude toward the test situation may tend to lower the 
correlations between scores obtained at ages when the 
child's social responsiveness, interest in success, and 
so on, arc very different. It docs not seem possible, 
however, that such attitude changes can have a pro- 
nounced effect on the scores. It may he that the tests 
used in this study measure various things, and not a 
single “intelligence” which can be tapped and evalu- 
ated at any convenient stage in a child’s development. 
Rather than a single factor, there may be multiple 
factors, different ones entering into the score at differ- 
ent age levels. This seems very probable, especially as 
it is in accord with one explanation offered for the sud- 
den break in directional trend of the standard devia- 
tion curve. Since we do not know exactly what 
intelligence is, we cannot, in the face of this evidence, 
very well make assumptions about the gradual appear- 
ance of "//" or its indepemlent growth cycles without 
first examining the nature of the tests on which (hose 
scores arc based. 
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D, Analysis OF THE Tlst Items 

i. Order of Difjiculiy. The first step in the study 
of the individual test items was to arrange them in or- 
der of difficulty. This was done on the basis of the 
percentage passing each Item at each age. Under the 
direction of L, L. 7'hurstonc, placements on an abso- 
lute scale of difiiculiy were obtained for each item. 

Since, by the method of absolute scaling (56), item 
placements are based on overlapping performance of 
age groups, and since there arc usually four or more 
age groups whose performance overlaps, several place- 
ments are obtained for each item. Due in part, per- 
haps, to unavoidable errors in measurement, these 
placements did not, as a rule, exactly coincide, al- 
though they were grouped fairly closely togetfier. To 
obtain a single score which would probably be more 
accurate than anyone placement taken alone, the mean 
of all of the placements of an item was computed and 
used as the scale value. The scale value for each item 
is given in Table 4. On the basis of these scale place- 
ments, the items have been arranged in order of diffi- 
culty. 

The test items are unevenly distributed in difficulty, 
a close clustering being found at the lower end of the 
scale, while at other places there are comparatively 
wide gaps. This is shown both by the absolute scale 
placements {Figure 4) and the chronological age 
placements. Theoretically, however, the foriitcr give 
a better indication of the difficulty grouping becuvisc 
these placements arc based on the curve of growth 
(Figure 2), rather than on chronological age. One 
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Placement (Upper Lise of Pair), Together with CA 
Equivalents (Lower Line of Pair) 
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could have the same number of items placed in each 
month interval and still have a greater cluster of hems 
at the lower end of the absolute scale (corresponding 
to the first three or four months), where the increment 
of growth for a given time interval is smaller; while 
the reverse would be true a little later, w'hen growth 
is most rapid. 

For convenience in testing and comparison with 
chronological age the absolute scale placements have 
been converted into CA placements. This was done 
from a graph of the absolute growth curve, by finding 
the point on the CA abscissa which was equivalent to 
the item placement on the absolute scale ordinate. 
These placements ace given in column 4 of Table 4 
and are the ones used in the First Year Mental Scale 
blanks (6). 

As has been mentioned, several placements were ob- 
tained for each item, and their average is the value 
which was finally used. A normal distribution of the 
ages of first passing an item, such as looking for a fallen 
toy, should, theoretically, result in the same placement 
on the absolute scale when the six- and seven-month 
passes are compared, as when the seven- and eight- 
month passes are compared (57). If these placements 
vary greatly at the different overlapping ages, the item 
would not seem to be a good one to indicate mental 
growth. As a measure of the consistency of the diffi- 
culty placement of an item, the average deviatioti from 
the mean placement was computed. Items with a 
comparatively large average deviation, then, were 
considered as of doubtful value in a developmental 
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scale. The scatter of individual placements, relative 
to the standard deviation for the age level, would in- 
dicate the consistency of difliculty for that item at suc- 
cessive ages. 

In order to determine if the placements arc more 
consistent at some ages than at others, the items for each 
month were grouped. The mean of the average devia- 
tions of the Item placements in each age group was 
then divided by the standard deviation of the absolute 
scale scores at that age. The items for the first three 
months show a mean variation of 35.3%, which is much 
higher than that which occurs at later months (Table 
11). After three months, the variation shows no con- 
sistent changes except, perhaps, a slight tendency to 
decrease: from four to twenty-four months,*" inclusive, 
the mean variation is 18.4% of the standard deviations. 
This early variability in the difficulty placements of 
the tests may he another manifestation of ihcir unre- 
liability during the first three months, but is probably 
due also in part to the nature of the scaling method, 
which is less accurate whcrc- '-as in tlic early ages — 
there is little overlapping from one month to the next. 

2. Ohifufictitions of llm TffH Items. I'he growth 
trends of the entire scries of tests appear, a priori, to he 
the resultant of a number of underlying factors. It 
seemed possible to discover, or at least throw some light 
on, what these various factors arc and what independent 

vnrialions wiv iini lumpuird ;ifn'r 24 nM>nflis as (lir 
more (lillinilt irsis had nni ye* hern \yA^^Vi\ hy all nf ilir .UHnuiuli 
childrrn and ilin’r [daermrnu wrrr hasrd on an inruinplcir' .sen uf 
ovcrlapjiJrijr 
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TABLE il 

Intbrmai. Consistbncv of Absolute Scalb Placbmbnts* 


Rel«{!r« 

Mohth vatialioo* Mean 


i 

46.5 

2 

25.2 

3 

54.2 

4 

lU 

S 

15.2 

6 

20.7 

7 

25.0 

8 

14.7 

9 

17.5 

10 

23.9 

11 

18.5 

12 

217 

13 

25.9 

14 

13.7 

15 

18.4 

18 

20.4 

2i 

12.1 

24 

13.7 


fisueee iw (Iiia are obfaincii as /o^^owit *J’he rriean of (tie 

average deviptioni of (he l(«m placemeni* In each age group ia divided by 
(he S.u. of (he obRolu(e ecorea a( (hat age. 


tendencies they manifest by dividing the test items into 
subclasses in different ways. 

Several classifications on the basis of the apparent functions tested 
were tried, but seemed to lead nowhere, and are not here treated in 
detail* A list of some of these may give an ide<i of tJ)e sort ol cJasisf- 
iication attempted. One such grouping divided the items into (1) 
naotor maturation, (2) cye-Iiarid coordination, (3) adaptive coor- 
dination, (4) adaptive behavior, (5) reactions to sound, (6) visual 
maturation, (7) language comprehension, (8) vocah^utions, and 
(9) social responses* 'Ihis was the most elaborate dnssification* 
One fourfold division into (1) vision, (2) motor coordination, (3) 
vocalizations, and (4) sound and iangiugc comprehension left n 
number of items unclassified. Another, (1) sensorimotor ituituintion^ 
(2) adaptive behavior, ami (3) language comprchmsin/i and de- 
velopment, still left a few items out, but in some ways was more 
satisfactory than the others — perhaps because less elaborate. One 
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reason that thcMS divisions did noi prove salis{actor>' is that in many 
cases an ad«iuate to n test situaiion rct|uires al)iliiics of 

more than one kind, so thnt itemu may equally well be assigned to 
two or more of ihc Kor example, comprehension of the 

verbal request made by the examiner h often as much a part of a 
test ns is ability to act uiHm lliesiK rcquesli^. Since encli test item 
does not always measure ability in a sini^lc function, but usually in- 
volves Olliers fts well^ the basin for cteilkalion h an arbitrary onc» 
depending on the inveslij^ntor’s juditment of the relative importance 
of the functions included. 

Another difficuhy in the way of a practical division of the test into 
subgroups is that no two of them show parallel development. The 
items in them arc very unevenly dislributcd, with the motor and 
sensory items predominant in the early ages, while the adaptive ones 
do not appear until later. Such a distribution precludes the possi- 
bility of studying ihc interrelationships of the different functions as 
they develop. 

An attcmjit was made to find lirhuvioral sequences in a manner 
similar to that used Vvy Shirley (49) (or motor development. It 
was considered pof^sible that several series of test items might be 
found that followed, wiiliiri the series, an invariable sequence of ap- 
pearance. Snell tesU would be the resultant of a amirnon develop- 
ing ftinctinn and would afford a sound basis for .MdiclaHscs of the 
group of test iiemst There were only a very few items, however, 
which showed this invariable sequence, unless the itcniH were more 
than two slandard deviations apart on the difliculiy scale. These 
comparisons were made ibrtmgb tlic fust seven months, ami out of 
more than seven hundred combinations of items which w^crc less 
than two standard deviations apart on the difficulty sciilc, only .W 
showed an invariable se<|ucnce. Of these 3+, twelve, in wliicli dif- 
ferent degrees of facility in the same behavior WTre scored, followed 
the sequence by logical necessity. Such a sequence is; reaches for the 
cube, picks up the cube, picks up the cube deftly and directly. A few 
of the remainder were closely related in functinn, such as eye coordi- 
nation, hori/finial, vertical, and circular; but others seeme<l only 
slightly related, ICiglitren of the 34 pairs could he classified as pic- 
tlominantly motor and seven as visual, hm the nuiubeis are so snuill 
that it is iinpossihle to make any divi^imi of the eniiie group of rests on 
the basis (d intei relations wdiich the MM|ueniial meiliod ccudd indicate. 

Il Nvas necessary \o concUulc that there are not tliscreie functions 
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measured by different test items, and tln\t, for the most part, the 
sequential order holds only when the (terns arc sufficiently far apart 
on the difficulty scale to constitute manifestations of a different level 
of ability. And when they arc this far apart the sequential order 
has little relation to the nature ol the items. The only differentiat- 
ing factor is that items witli a i^reatcr range (n tlic age of first parses 
show more reversals in sequence. Whether this would be true of the 
tests of gros$ motor development, this study does not show, although 
the items which did follow in sequence were most often motor items. 

Other ways of grouping the tests were suggested, incidcnully, by 
the results of previous statistical treatment* One statistical basis for 
differentiation was the consistency in the fwrnle placements oblained 
from the Thurstone scaling. Some of the items were very consis- 
tent in the difficulty placements at different ages, otiicrs were incon- 
sistent and might be considcced* for this reason, Im desirable as 
measures of developmental level. 

Some of the items showed a consistent directional deviation from a 
mean difficulty placement. This directional deviation is the result 
of skowed age distribution of first passes, and the items exhibiting 
such a "drift*' could also be looked on os possibly less adequate ic^ts 
of development than other items. Of about 170 items with three or 
more overlapping age plnccmcnts, 54 showed fl consistent directional 
shift which was large enough to have some possible significance. 
Twenty-eight of these grew easier with advancing age* while 26 
grew more difficult. The shifts in the latter items were, for the 
most part, greater than for the former. It seemed possible time there 
might be some similarity between llic items which showed a given 
tendency — some comvnon characteristic causing either a rapid ma- 
turation of the test, once it readied a stage where the function 
could be manifested, or, on the other liand, some factor which, per- 
haps, supervened and prevented the appearance of a given response 
In some children after the general maturity level made it possible. 

Inspection of these two groups of items seems to corrolKiratc this 
assumption (see Table 4, * items become more difficult, and t items 
easier with age). The items wliich become easier as the ^rnup 
grows older Involved for the most part relatively simple activities, de- 
pending on motor or sensory maturatioiix However, this docs not 
seem to be true of all of them. It is possible that sucli a decrease in 
difficulty with age is the effect of practice of a specific behavinr, and 
that motor activities of infants, being generally practiced more, are 
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likely to develop more rapidly, once a sufficient maturity is rcachcdi 
than do other kinds of behavior. 

'I'liosc items which i^row more difficult, on the other hand, usually 
involve sticial adjustments and adaptation to the unusual testing sit- 
uation, They involve activities wltich iniKlu in the Inter aKcs have 
been inhihited hy other dcvclopinK attitudes. 

Since these items with characteristic ^Mrifts^’ arc comparatively 
few, and inadctiuatc for separate clnssiUcatioris in a division of the 
entire scale, we decided to use them rather as i^uidcs in a more gen- 
eral division, Tlie tests were a^ain divided into lialves, equally 
distributed in number for all ages. (See Table 4, column 6.) 
The X-half was made tip of wliat seemed to be the better items 
for measuring mental growth; these were the ones with consistent 
scale placements, which seemed by inspection to be the more truly 
adaptive. Into the Y-half we put items whose placements were in- 
consistent, or whicli showed a directional drift, items which were 
difficult for the examiner to score, and items wliicli seemed to have 
fewer of the "mentar* elements. This division differed from the 
A- and IMialves in that the latter were made as mucli iis possible 
alike in all respects, barring identical items. The X- and Y-items 
were paired for difficulty but otherwise the X-half was given the 
advantage of including nil of the items wliich were considered, for 
the reasons mentioned above, to be the better measures of mental 
development. The cunuilativc scores of these halves were correlated 
Avith each otlicr and with the total scores at one, six, and twelve 
niontiis, and no advantage was found for either group (lablc 12). 
To find if the scores from the X-group might he more predictive of 
later nchicvcmciu, ihc scores for both groups were correlated, each 
with itself, at 1 x 6, 6 x 12. 4x8, and 11 x 15 months. As shown 
in Table 13. the Y-tests— the discards— were if anything nuirc con- 
sistent, the correlations in every cose being higher than for the X- 


TABLE 12 


CORKHLATIONS OF ScORiiS ON X- AND Y-ITUMS 


Month 

No. o/ 

CAHCN 

X t lotnl 

CorrelatioiiR 

Y X loial 

X X Y 

1 

52 

.«95 

.846 

.520 

6 

57 


.967 

.868 

12 

53 

.H69 

,894 

.551 
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TABLE 13 

Consistency Correlations of Scores on X-Items, Y-Items, anp 

Total Items 


Months 

No. of 
cases 

X-iiems 

CorrcIflUoni 

Y^lcms 

Total UcfTiJi 

1x6 

48 

.084 

.349 

.295 

6 X 12 

49 

.425 

.63!; 

.642 

4 X 8 

52 

.420 

.522 

.577 

11 X 15 

49 


.559 

.623 


group though not significantly so, This selection into X- and 
Y-halvcs docs not seem profitable, since the total scores .ire more 
reliable, and neither half shoivs any re.il superiority as .i me,asurc 
of mental growth. 

One Other division of the items seemed worth try- 
ing. In previous classifications, it had been obvious 
that the early tests were predominantly sensorimotor 
in nature, while items which could be classed as adap- 
tive, or “mental,” were not to be found until later. In 
view of the break indicated by the standard deviation 
curve (Figure 3), it seemed possible that a division 
between these two types of performance might result 
in two distinct but overlapping curves which would 
correspond to the break indicated in the curve for the 
total test items. Returning to the earlier classifica- 
tions, all items which had been classed as sensorimotor 
and vocal (non-verbal) behavior were grouped to- 
gether, while the rest of the items, which seemed to be 
more truly adaptive, were put in another group. These 
we will call Groups C and D respectively (Table 4). 
It was found that the C-items dwindled and practically 
disappeared at about nine months, while the D-itefn. 9 , 
which enter later than the C-tests, arc comparatively 
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Standard Dkviation Curvbs for tih: Sbnsorimotor (6’) and 
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IN Dn-FlCUI/IY (("} 

few and scattered at first, and then become predomi- 
nant as the C-i terns drop out. 

When the test items arc classified in this Avay, the 
stanilard deviation curve of the C- (sensorimotor) 
group is found to correspond closely to the earlier part 
of the curve for the total items (Figure 5 ). But we 
have seen (Figure 4) that the test items arc not evenly 
(iistrihuied over this part of the growth scale; there 
is a hunching of items at some ages, allowing a tvidei 
distribution of scores and so larger standard tieviations 
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than at other ages, where items are comparatively 
scarce. This tendency for relatively very large stand- 
ard deviations at and adjacent to six months might have 
been the result of the crowding of items around this 
point on the difficulty scale, with very few items at any 
one month after month 9 (Table ‘I). It is after the 
age where the great number of six-month items could 
affect the scores that the standard deviations become 
very small again. 

In order to determine whether this standard devi- 
ation trend is due entirely to the unequal distribution 
of the items, S5 items were selected from the C-group 
(we may call this new selection C’) . These items were 
selected so that there were five items from each month, 
and they were placed, within the month, at fairly regu- 
lar intervals on the difficulty scale. In several levels 
there were not enough C-items to make the distribution 
equal; where this happened, D-items involving itiotor 
coordinations were used.^'' With an equal number of 
items at each age, and a normal frequency distribution 
of scores, there would be no reason to expect a consis- 
tent directional change in the standard deviation curve 
until the age at which the children began to reach the 
upper limits of difficulty. In this group the standard de- 
viations still show a consistent decrease after six months 
— exactly the same directional tendency which was 
found in the total and in the C-group (Figure S). The 
standard deviations for the C'-group have not been 
computed beyond eight months because after this age 

^^The ten items for months 10 and 1 1 included nil tests at these 
ages and so were necessarily fill D-items* 
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the difficulty limits of the tests would automatically 
make them grow smaller* 

This change in direction of the standard deviation 
curve cannot, then, be an extraneous effect deriving 
from the unequal difficulty distribution of the test 
items, although it is accentuated by the coincidence 
between the bunching of the test items and the func- 
tional trend. And this coincidence may not be due to 
chance, but in itself may have occurred because of the 
relative scarcity, at this stage in development, of dif- 
ferentiating tests of the function which has already 
matured, and of tests of the newly developing function 
which has not yet become diverse in its manifestations. 

Such an explanation is further corroborated by the 
evidence from the D-items. A distribution of these 
items in difficulty order by one-month units shows that 
they arc fairly evenly spread, after the first two months, 
with little bunching. Their distribution on the abso- 
lute scale also is very even e.xccpt for a section (S.6 to 
7.1) corresponding tcj the ages between sixteen and 
twclUy-onc months where an unusually large number is 
found. With such a regular distribution of the items 
on the difficulty scale, at least during the first fifteen 
months, the plateau between eight and tlurtcen months 
in the standard deviation curve for this group of tests 
points again to some functional break in the nature of 
the tests in the second half-year, even when the attempt 
is made to separate the test items into two functionally 
difTerent groups. 

Tlic .slamluril ilcviati»)n curve of tlie cumulative 
point scores of the adaptive (D) group of items, is, in 
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the later months, identical with the total curve. But 
the elimination of the sensorimotor (C) items docs not, 
as had been expected, leave it with a smooth, continu- 
ous increase. Tlicrc is a plateau between eight and 
twelve months, and this has occurred In spite of the fact 
that the D-group items arc quite evenly distributed in 
difficulty. But it is probably impossible to separate the 
two types of developmental process in the items in this 
overlapping period, since many of them incUnle both 
kinds of function. In the early attempts at item clas- 
sification, when there seemed any evidence of adaptive 
behavior a test was put in the D-group, as adaptive 
items were scarce at the early ages. Such a failure 
really to exclude sensorimotor elements would account 
for the plateau of standard deviations in the D-group 
and also for a more rapid increase in the standard 
deviations during the first half-year than would be ex- 
pected from the trend at later ages. If one could segre- 
gate these functions into separate responses, the 
irregularity in the standard deviation curve of the 
adaptive tests from eight to twelve months might 
smooth out. However, it may be that maturation in 
the first half-year is almost exclusively confined to mo- 
tor and sensory functions which arc unrelated to later 
development, except for their priority in the growth 
series. If this is true, then the mental growth curve 
presented here, during the first year at least, is a com- 
posite; and it would be more correct to say that the 

^“Shirley (49, Chap. IX) found very little vclatum4up hetween 
the locomotor and iiuellcctual achievements (Mitmcsniii I’rcsvlmul 
test at 18 months) of 17 babies studied durin}; the (irst two years. 
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TAULK 14 

Mkahs of Seorks on Sensorimotor (C') Items, Accordinq to 

Sex 


Nfmicli 

Ilf 

Hoys 

Mr nil 

>S.D. 

Muiifli 

Girb 

No. of 

rnsrn Mean 

S.D. 

1 


2.46 

1 12 

1 

27 

2.15 

.80 

3 

30 

(t.97 

1.-19 

2 

28 

6,68 

J.I9 

3 

30 

11.67 

1.X6 

3 

3] 

10,48 

2,6S 

1 

29 

IS.<j7 

2,57 

+ 

29 

16,07 

2.79 

5 

Vi 

23.rirj 

3.02 

5 

28 

21.21 

2,97 

<4 

29 

2.H.I0 

3.99 

6 

2H 

25,29 

4,31 

7 

27 

ll.ll 

3,78 

7 

25 

31.92 

3.H 

8 

2S 

3S.S6 

3.15 

H 

28 

36.75 

3,69 


curve ill the first six or eij^ht months is of sensorimotor 
development rather than of “intelligence.” 

Since the hoys liad sliglitly higher scores throughout 
the first eight months in the total cumulative point 
scores, and the early tests were predominantly sensori- 
motor, some sex dirt'crcncc might be looked for on the 
basis of this division of the items. The means and 
standard deviations for the first 45 C'-items were com- 
puted for the sexes separalely through eight months 
(Table 14). 'I’he hoys’ scores, again, are consistently 
higher for (hi.s period, hut the dillcrcnce is still so small 
that it may well be due to a chance selection in the 
cases. 

The only item classification, of the various ones tried, 
which showcvl any real distinction between the classes 
was tlie division into sensorimotor and otlier (predomi- 
nantly adaptive) behaviors, 'riiese two groups are suc- 
cessive in their appearance, rather than simultaneous, 
and are cniiieideni with the dircetional cliange.s in the 
stamlani deviation eiirve obtained for the total scores. 
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E. Variability 

There are three different ways in which increasing 
variability in performance is manifested as the chil- 
dren grow older. So long as the functions tested are 
fairly homogeneous, the total scores of the group be- 
come increasingly variable with age. The period be- 
tween six and twelve months, when tliis is not true, is 
a period of transition from a mature group of abilities 
to a very immature group whose variability is still very 
small. With the exception of this si.x-month period, 
the children tend to become more and more unlike each 
other in their test abilities as they grow older, This 
is reflected also in the increasing standard deviations in 
the ages at which an individual test item is first passed. 
The items in the early part of the scale have a very 
small age range of first passes, but as the difliculty in- 
creases the variation tends to increase. 

In addition to this, we find that the individual chil- 
dren become more variable in the successes they make, 
as they grow older. This is shown in Figure 6. The 
range of a child’s successes at any montli — from the 
easiest item he passed for the first time to the most 
difficult he passed — ^was recorded in absolute scale 
units of difficulty. These ranges, being extremes, arc, 
for individual children, unreliable measures, but when 
the averages for the group are considered unreliable 

^“AUhough the coefficients of vnriability, if computed, woiiUl de- 
crease with advancing age, they would give no indicalimi of the real 
variability of the scores, as the range of new successes at any one, age 
covers only a small portion of the total point score. On the niher 
limui, Tluirstone’s absolute scaling data give .tdded cvitlcticc for 
increasing variability. 
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fluciuntions tend to be cancelled out. The mean of the 
ranges shows a definite increase in the span, or portion, 
of the difliculty scale covered witli increasing age. The 
one exception, between eleven and fourteen months, 
coincides with the region of decreased standard devia- 
tions of total point scores and the juncture of the two 
types of test performance. 

The general trend toward increasing variability of 
function within the individual Is interesting in view of 
the contention that a person docs not vary much from 
his “level” of intelligence as measured by tests; that a 
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bright person is generally bright, and a dull person 
generally dull. Gcscll (18) has pointed out the rela- 
tively small variability in an infant’s performances. A 
six-months-old child is obviously six months in most 
of his behavior and distinctly inferior in all respects 
to the eight-moiiths-old child with wliom he is com- 
pared. In the first year, especially, age seems to be the 
all-important factor in a child’s development. The 
correlation of .98 between CA and total poittl score of 
the Intensive Growth Study group during the first 
twelve months indicates far less variable scores than 
are found later. However, if the tendency for greater 
variability within the individual, as he grows older, 
continues at the rate which is indicated by the first two 
years of these children’s performances, then one slioulcl 
expect that adults would show wide difTcrcnces in their 
performances If a correspondingly wide sample of be- 
havior were tested. The concept of intelligence is rela- 
tively restricted in adults, while, in attempts to 
measure it in young children, a much more varied 
range of abilities is necessarily included. It is in these 
varied abilities that intelligence seems to be manifested, 
if at all, in young children. 

F . Conditions Which May Affko' thk Scori-s 

In the foregoing treatment the test scores have been 
considered independently of other factors. But there 
are some environmental conditions wJiich affect or 
are related to a child’s test score, and these should be 
considered in interpreting the obtained results. Of 
such conditions we have some data on {a) parental 
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ability as measured by education, {b) emotional be- 
havior observed under test conditions during the first 
year, and (/;) the effect of the play school as a favorable 
influence. 

1. Educniion of Parents. There have been several 
recent studies of the relationship between the intelli- 
gence of parents and young children. For children 
aged two, three, and four years, using the Kuhlmann- 
Binet test and a mid-parent education score, Good- 
enough (2.?) found positive parent-child correlations, 
ranging from .26 to .69; there was no consistent change 
in the cocflicients during this period. Van Alstyiie 
(.*>9) obtained for Kuhlmann-Binet MA’s of three- 
year-olds a correlati<»n of .60 with mothers’ education, 
.Si with fatliers’ education, and .54 with mothers’ vo- 
cabulary (Thoriulikc Test of Word Knowledge). Lin- 
fert and Hierholzcr (.V)), using a sample aged from 
one to twelve months, found an average correlation of 
only ,06 between scores on the Linfert-Hicrholzcr 
scale atul Cliapman-Sims scores. They also found no 
tendency for consistent changes with growth over the 
period con.si<lcred, Furfey (14) interprets tlicse last 
results as evidence for the effects of environment on in- 
telligence, since the correlations during the first year 
arc practically zero, yet other investigators have found 
positive correlations at later ages, after there had been 
time for environment to be effective. 

In the present study mid-parent eilucation scores of 
motliei.s’ and fathers’ schooling were correlated with 
the infant's scores for each age separately. These cor- 
relations are given in I'ahlc 1.5. When plotted, as in 
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TABLE 15 

CORftELATIOKS BHTWHBN MiD-PaRBNT EdUCATIOK ScORB AND 

Child’s Point Scoke at Each Aae 


Month 

No. of 
cases 

r 

Monih 

No. of 
castif 

r 

1 

S2 

— .oia:ao 

12 

53 

'I'.OItC.HI 

2 

55 

-~.02±AQ 

13 

S3 

-'.OSd:.lO 

3 

61 

—.27^.09 

14 

46 

—.02*. 10 

4 

58 

“-.2Z±.09 

15 

52 

— .oosr.JO 

i 

58 

— ,29±.0S 

18 

51 


6 

57 

— .23±.09 

21 

55 

+.E9*.0S 

7 

52 

— .I9d:.09 

24 

4% 

+.S0*,07 

8 

S3 

— .ojat.io 

27 

SI 


. 9 

56 

+.0«H:.10 

30 

47 

+.<4*.0* 

10 

56 

+.08±.J0 

U 

49 

+.‘17d:.{l8 

U 

52 

■t".00d:,)0 





Figure 7, a strong directional trend is evident. The 
correlations at months 1 and 2 are practically xero. 
They are the least reliable tests and the tests which 
might have been affected by varying conditions of 
birth. Starting with month 3 and continuing through 
month 7, the correlation coefficients arc consistently 
negative, varying around — .22; then from eight to fif- 
teen months, they drop back to zero; after this they 
become increasingly positive until twenty-four months, 
and subsequently maintain a level betivccn ,41 and ,50, 
These later correlations approach very close to the re- 
lationship usually found between parents and school- 
age children on intelligence tests. For the ages that 
are the same as In Goodenough’s study they show no 
directional changes with age, 

The results of Goodenough and of Linfert and Hier- 
holzer are not exactly comparable with those of the 
present study because the Linfert-Hicrholzcr study 
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deals with socio-economic status instead of education 
and neither study uses a constant sample for all ages. 
It is to be observed that the results of the present study 
fill in the gap between one and two years, at which age 
a positive parent-child relationship begins to emerge. 
Probably because the present sample is constant, the 
correlations arc less variable at adjacent ages than are 
those of either of the other two studies. Whether the 
negative correlations obtained between two and seven 
months are large enough to have any significance is 
doubtful, since they average only 2.9 times their P.E.’s, 
but their persistence over a six-month period indicates 
at least the possibility of a negative relationship be- 
tween parent intelligence and early infant scores, 

The shift in relationship with age may be interpreted 
as an indication of environmental influence on develop- 
ment. If the correlations arc considered to be zero at 
first, and tlicn increase as the children have time to be 
influenced by their environment, then this explanation 
would be a reasonable, though not a conclusive one. It 
seems more probable, however, when tlie changing na- 
ture of the infant tests is considered, that different 
abilities arc being measured at different ages, and that 
the later tests are better measures of the abilities which 
differentiate school achievement. The tendency for 
the early scores to be negatively correlated with paren- 
tal education may, if significant, be due to innate dif- 
ferences in developmental rates, with the children 
who will later achieve higher scores having a slower 
initial development, llecaiise the nature of infant tests 
is so radically different from later tests, it is impossible 
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Aob Changks in tub Corrblation Cokpi-iciunts iihtwkhn Aliu- 
Parcnt Education and Child’s Mkntal 'rtisr Score 

to determine from correlations with parental status 
whether or not the parent-child rclationsliips are due 
to environmental influence. But environmental influ- 
ence is obviously not as great as would appear from a 
cursory summary of Figure 7. 

2. Emotional Behavior. The emotionality of the 
child as evidenced in his tendency to cry is not signifi- 
cantly related to his mental test scores (5). When the 
amount of crying which occurred during the examina- 
tion period is stated in terms of the length of time a 
child cried relative to the time of the total period, the 
correlation between the percentage of crying and the 
test scores for the entire first year is — .098 and is simi- 
larly low for the separate months during the year. I’lic 
data on emotional behavior in the second and iliird 
years have not yet been summarized, but they arc proh- 
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ably of more importance than the crying during the 
first year, for the later tests seem to be more affected by 
a child’s social attitude, willingness to follow adult 
suggestions, and other environmental conditions. The 
effect of emotional attitude on test scores of preschool 
children has been pointed out frequently. [See, for 
c.xamplc, Bridges (9), Stutsman (S3), and Updegraff 
(58).] 

3. Influence of the Play School. Sixteen of the 
Intensive CJrowth Study children have attended, for 
varying periods, the Institute play school. The ses- 
sions here last for three hours, from 9 A.M. to 12. The 
mean sigma scores of these children for the average of 
the two tests before they entered the school is -(-*08; 
and for the av'crage of the one, two, or three tests given 
after the children had been in school for at last four 
months the mean sigma score is •■1-.40. This is an in- 
crease of .32 sigma. The standard error of the differ- 
ence, taking into consideration the correlation of -|-.66 
between the ttvo sets of scores, has been computed by 
the formula:'*'’ 

T — 2riij cS.7Xii,i 

The obtained critical ratio of 2.0 shows that the 
chances arc 98 in 100 that the difference is significantly 
greater than zero. 

To make certain whether this group was selected on 
the basis of parents’ education, the 16 children with 
school experience were matched for mid-paieiU edii- 
ention scores with 16 others in the group. I'he parents 
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of the non- play-school group had a mean education of 
HA years, as compared with 14.0 years mean for par- 
ents of the play-school children, The mean sigma score 
for the non-pi ay-school group for months 18, 21, and 
24 is -|— 10 and for months 27, 30, and 36 it is -I-. 03, 
Their scores for the two age levels correlate .88, and 
the critical ratio of ,72 shows that the chances arc only 
78 in 100 that the difference is significantly greater than 
zero. Any rise in the test scores of the children after 
play-schooi experience cannot, then, be attributed to 
a selection of the group on the basis of parents' educa- 
tion, although this does not preclude selection on the 
basis of parents’ intelligence, 

This increase of the play-school group, which aver- 
ages ,32 sigma, is approximately equivalent to 4 IQ 
points, and, though slight, its directions is the same 
as that found by Woolley (63) who compared tests of 
Merrill-Palmer children with children on the waiting 
list of the nursery school ; and by Barrett and Koch (.3) 
who found large increases in the IQ's (Merrill-Palmer 
test) of orphanage children after they had attended 
nursery school over a period of from six to nine 
months. Wellman (61) has shown recently that 
children in the Iowa preschool gained more in IQ 
points from fall to spring when the children were at- 
tending the school than from spring to fall when tliey 
were not in school. Goodenough (24), on the other 
hand, found no significant diHerences between the 
Kuhlmann-Biiiet IQ's of 28 children with nursery- 
school experience and an equal number of paired con- 
trols without nursery-school experience. 
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Of the conditions considered here, the one which 
shows the greatest apparent effect on the children’s 
scores is the education of the parents. Since there is 
so little consistency between earlier and later scores on 
the mental tests, it may be argued tliat the parent-child 
relationship cannot be measured until the third year 
when the behavior tested becomes similar to that meas- 
ured by the parents' educational level. It is possible, 
then, to look to change in test-function as one of the 
causes of the increasing correlations between parents 
and children. On the other hand, there is some evi- 
dence of the environmental influence of the play school 
on test scores in the third year, and such influence, 
could we evaluate it adequately, may to some extent be 
operative throughout all of this early growth period, 
at home as well as at school, 

But regardless of the relative importance of heredity 
and environment in their effect on lest scores, it is ob- 
vious that in a group of normal children, their speed 
of development during the first three years is much 
more significant than the relative position of an indi- 
vidual child witliin his age group. And the child's 
score at three years can be better predicted by the edu- 
cation of his parents than by his own test score obtained 
at any time during the first year."" 

“‘Jones, Conrad, and Blanchard (35) have brouRlit out clearly 
the cfl'cct of rural cnviionincnt on the scores made on spcciHc tests 
by rural as compared with urban sebool children. 

“-‘Of course this iniKlit not be true of foster children. 
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COMPARISON WITH OTHER INVESTIGA- 
TIONS, AND CONCLUvSlONS 

The results of the present study indicate that the 
behavior growth of the early months of infant develop- 
ment has little predictive relation t<\ the later develop- 
ment of intelligence — even though the later behavior 
may depend in large part on the previously matured^ 
elementary neural connections or behavior patterns. 

It seems probable that the failure to secure high con- 
sistency correlations in test performance, even in the 
second and third years, can be explained by a series of 
shifts from one type of function to another as the chil- 
dren grow older. Eurther investigation may show 
that it is possible to separate the test abilities for the 
entire period of growth into a series of functionally 
different groups which, however, overlap more com- 
pletely during school age than they do during the first 
year, and hence cannot be detected as readily. 
The relatively greater "constancy of the IQ" during 
the school ages may be due merely to the slower de- 
velopmental changes, so that the tests measure very 
similar functions which are developing more slowly 
and over a longer period of years. 

If this is true, wc cannot measure “intelligence" be- 
fore the age when the underlying sensorimotor co- 
ordinations are sufficiently matured to make possible 
the behavioral manifestations of intelligence. And, 
even then, if the intelligence measured is related to a 

[ 74 ] 
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given (Icvelopmental period only, tests of it can be 
used for diagnosis only within the limits of that period, 
with the possible exception of extreme deviates such 
as the definitely subnormal. 

'i'hcsc assumptions seem to be valid oites, both on the 
basis of the break in the standard deviation trends and 
the pcrsistcruly low correlations between test perform- 
ances at widely separated intervals. If there is an 
underlying intelligence which sliows a uniform de- 
velopment, and is distributed among individuals in 
varying amounts"-- a “cj” which is independent of the 
specific abilities measured — then these preschool tests 
(which arc not unlike other preschool tests in the type 
of behavior tested) certainly do not measure it, at 
least during the first year, and we will have to look 
further for its criteria. 

Although there arc several investigators who claim 
that mental ability can he measured and predicted with 
fair accuracy tluring the first year, their methods of 
evaluating their data may bo (juestioned on several 
counts. 

Gesell, in Chapter VI I of Ids Jnjancy ntu] Human 
Groivllt, |)rcscnts data on repeated tests of 90 infants, 
HO of whom were first tested under eighteen months, to 
sliow to what extent the early scores may be considered 
predictive of the later. His conclusions are that; 
“Taken as a whole the data indicate a liigh degree of 
coiisisiency in the course of early mental grovvtii’’ (p, 
14H), and . . a rating made at four montlis is for pre- 
dictive pui jxiscs as accurate a.s any rating made at any 
age hetween four and twenty-four mojuh.s“ (pp. 14H- 
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Gescll does not, however, treat the age groups scpa> 
rately, nor does he take into consideration the time in- 
tervals between the tests. What is more, he does not 
define the limits of deviation in which a prediction may 
be considered to hold. Since his statistical treatment 
is not clear, and not that ordinarily used, it is impos- 
sible to compare his data with those of the present 
study, to determine the basis for the discrepancy be- 
tween our conclusions. In the correlation chart (Table 
9) the Intensive Growth Study data do show a fair 
consistency of performance over short time intervals, 
and it may be that for comparable time intervals 
Gesell’s data would show no more consistency than 
these. 

The same criticisms can be made of the recent study 
of Hailoweii (28), who reports her results as in sub- 
stantial agreement with Gescll’s. She retested 436 
children whose first tests were given between three and 
forty-seven months. Over 50% of the retests varied less 
than 5 DQ points from the first test, and very few 
varied more than 10 DQ points. She found, however, 
that the cluldren from thirty-six to forty-seven months 
varied less on retests than the younger children, and 
that, in general, the greater the interval between tests, 
the less the stability. These last two findings show the 
same tendency as found in the present study, and would 
probably do so more clearly if boz/i age and time inter- 
val had been controlled, since the same time interval 
does not represent the same increment in growth in 
twelve-months-old children as it does in thirty-six- 
months-old children. 
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Gesell and Hallowell have both made the mistake of 
using DQ’s or IQ’s in the first two years where the 
standard deviations arc comparatively so very small 
that they do not allow a sufficiently wide range of DQ 
scores really to differentiate the children. With a very 
restricted range of scores, 50% of the children might, 
almost by chance alone, have retest scores that vary 
no more tiian 5 points from the earlier test. This is 
still more likely to be true by their method of scoring — 
an estimate based on all observations- Hallowell, 
moreover, says that it was only very rarely that she was 
willing to give c-'cccptionally high or low DQ scores. 
In this way she has probably arbitrarily restricted her 
range more than an objective method of scoring would 
have done. 

The effect of restricted range of scores on IQ may be 
illustrated by some of the results of the Intensive 
Growth Study data when scores arc converted into 
IQ’s by assigning MA’s on the basis of the point score 
means in 'lable 7. The IQ range for the group at 
twelve months was only 35 points, while at twenty-four 
months, coincident with a rapidly increasing standard 
deviation, the range had increased to 58 points. As a 
result of this change, a tvvclvc-months-old child with 
a sigma score of 2.98 had an IQ of only 120, while a 
twenty-scvcn-months-old child with a sigma score of 
2.74 had an IQ of 133. One child at eighteen months 
had a sigma .score of 2.32 and an IQ nf 117, while at 
tweiuy-onc months hi.s sigma score had ilroppal to 2.18 
aiul liis IQ had rin'n In 121. vVnother child, vvho.se 
sigma scores were steatiily dropping between twelve 
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and thirty months, with a range of 2.14 sigmas, changed 
only 8 IQ points during that time. 

We cannot know until the children grow old enough 
to be compared with school-age children on a well- 
standardized scale how selected in range of ability tliis 
group is, but it is obvious over this short age range that 
the expression of mental or sensorimotor status in terms 
of an age quotient does not take care of the rapid 
changes in variability in young children. The small 
standard deviations of the early ages would automati- 
cally keep the IQ's within a small range and thus make 
it impossible for a child to change many IQ points be- 
tween tests. 

Contrary to the contentions of Geiiell and of Hallo- 
well, and in agreement with the present liiidings. Fur- 
fey and Muehlenbein (IS) found that the scores made 
by children tested between si.v and twelve montlis on 
the Linfert-Hierholzer scale showed no relationship to 
the scores made by the same children on the Stanfonl- 
Binet at four years. The correlations were ---.II, 
— .34, and — .20 respectively, for the six-, nine-, and 
twelve-months groups tested by Linfcrt and Hierhol- 
zer. 

For children of preschool age the results of retests 
generally show a fair amount of constancy in the rat- 
ings secured, though still much greater irregularity 
than is found in school children. And several recent 
studies have shown age differences within the preschool 
group. Woolley (63) has found that, for nursery- 
school children, the younger the children testeii, the 
greater the variation in IQ on repeated tests. Upde- 
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grafif (58), on repeating Stanford-Binet or Kuhlmann- 
Binct tests at six-month intervals, found greater varia- 
bility in the children bct\vecn nineteen and forty-two 
months than in those between forty-three and sixty- 
six months. Her correlations between repeated tests 
dill not show, in general, a high degree of consistency, 
ranging from .54 to .84. 

' Although there is general agreement that in children 
of scliool age the IQ's change very little on retests, 
there is some evidence that, even here, age and the time 
interval between tests have some effect on the constancy 
of the IQ. Hildreth (32), for example, in comparing 
intelligence measures of 441 school children who were 
tested from two to eight times, found a consistent de- 
crease, with age increase, in the median IQ points 
change on the retest. Children from three to five years 
changed 1.77 points (median) ; from six to eight years, 
1.73 points; from nine to eleven years, .59 points; and 
over twelve years, .42 points. She also found that when 
the time interval between tests was less than three years 
there was little variation, and when it was lunger than 
three years there was a larger incidence of widely 
deviating scores. Baldwin and Stccher (I, 2) have 
computed correlations for as many as six repeated tests 
on the same cldldrcn five to fourteen years of age. 
Though age differences have not been taken into ac- 
count, there is a definite tendency for the correlation 
between tests to decrease as the interval between tests 
increases,*’ 


^Nrillirr of .sludirs lias been based on C(|iial numbers ol eases 
for all ai'cs of rclesis, nor have at;e and lime iritcrvais been held con- 
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In general, the results of retests indicate a tendency 
for the constancy of mental test scores to increase with 
age, at least up to school age, and perhaps further. This 
tendency may be due, in large part, to the coincidence 
between decreasing increment in ability and increasing 
variability on the difficulty scale over which a child's 
performance may range. As a result of these, the same 
child at eight and at ten years is being tested on over- 
lapping portions of the difficulty scale; while when the 
scores at one and three years arc compared there Is no 
overlapping whatever between the two test levels. And 
with this slower rate of maturation we may c.xpcct to 
find the same type of ability developing and being 
measured over a longer interval, even though the test 
items ace not identical. This seems to be true when 
the intervals compared arc in terms of absolute units 
rather than of chronological age (Table 10). 

Retests of feebleminded children on the Stanford- 
Biiietshow greater constancy than for normal children. 
Whether this condition would hold, also, in the first 
three years of life will not be known until a sufficient 
number of feebleminded children are tested at these 
early ages, However, for this group in whicli tlicre 
are no feebleminded infants there is no evidence from 
the scatter diagrams of our correlation charts chat any 
section of the group is more consistent in its scores 

stant, so their results c.'innot be coitsidcrcd at all eoncUisive. The 
one study which docs control these fiictors for a large number of 
retests, that of flirsch (.33), indicates tliat aRc and time interval 
do not affect the consistency of scores. His ilnia, however, are on 
lour iliflcrcnt lorms of the Otis Group Tests, which may mtt he 
comparable to tlic Uinct tests used in tlic other studies. 
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than any other section. The very slow mental growth 
of the feebleminded, making retests include almost 
identically the same test items, is probably an impor- 
tant reason for a greater consistency of score which has 
been found in their retests. 

In conclusion, then, wc may say that mental growth 
(using the term “mental” to cover a series of shifting 
composites of performance) is very rapid during the 
first three years of life, and especially so during the 
first year. But during this early period of most rapid 
growth, the intelligent behavior which is observable 
in infants is very unlike the adult behavior which we 
call intelligent. The mental growth curve obtained 
in the present study is, then, a composite of a number 
of maturing functions which are successive rather than 
parallel; yet they overlap each other, for the most part, 
so that they are not separable into discrete classifica- 
tions. 

Since these functions are successive, the present 
methods of study cannot show to what extent they are 
influenced by training or the environment in which 
they mature. The low correlations between scores 
made during the first year and those made later force 
one to the conclusion that superiority in one function 
does not insure superiority in the subsequent develop- 
ment of more complex functions. 

It seems evident, too, that if wc are to use the word 
“intelligence” it must be defined either as a very gen- 
eral, inclusive term, of little significance until appro- 
priate subdivisions can be made; or else it must be 
defined with a very restricted meaning, including only 
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a few closely related functions, and applicable only 
to restricted age limits. Possibly there is a general in- 
telligence, a '‘c/’ which matures with a steady, prede- 
termined rate, from birth to maturity, and a refined 
method of infant testing might disclose it. But a study 
of the readily observable coordinations and adapta- 
tions of infants lends no support to this theory. Rather, 
the indications are that we have measured, at successive 
ages, varying composites of more or less independent 
functions; not until after the age of two years do these 
composites exhibit a significant degree of overlapping 
with the aggregations of traits constituting “intelli- 
gence.’^ 



V 


SUMMARY 

1 . A graded series of tests of mental development 
(including approximately two hundred scored items) 
was given to a group of normal infants at short inter- 
vals from birth through three years. The initial 
sample included 61 infants. Forty-nine of these com- 
pleted the third year of tests. The reliability of the 
tests during the first three months is not satisfactory, 
but from month 4 on the reliability coeflicients by the 
split-half method, with the Spearman-Brown correc- 
tion, average .86. When the tests were scaled by the 
Thurstone absolute scaling method, growth was found 
to be very rapid, being positively accelerated at first, 
with a deceleration in rate after about ten or eleven 
months. After fifteen months the rate is almost con- 
stant. 

2. The standard deviations of raw scores are very 
small at lirst, showing, in general, a tendency to in- 
crease with age. The one exception to this teiiclciicy, 
a sharp ilccrcase between six and twelve months, coin- 
cides with other evidence which indicates a change in 
the functions measured before and after this period. 

The variability of the group increased, generally, 
with growth, The children became increasingly un- 
like each otiicr in total scores and in the age at which 
they passed any given item. Also, as they grew older, 
the individual children became more variable in the 
difliculiy-rangc of their successes at any one age level. 

C«31 
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3. There is ao consistency in the children’s test 
scores over long time intervals, though scores of adja- 
cent tests correlate fairly well. The longer the time 
interval between any two tests, the lower the correla- 
tion. There is, however, a tendency for scores to 
become more consistent as the children grow older. 

4. The findings show that the tests are measuring 
different functions, or groups of functions, at succes- 
sive age levels, rather than, as has been often supposed, 
a unit function of intelligence which extends through- 
out life. These differences are evidenced in the results 
of item analysis, la the directional change in the stand- 
ard deviation curve, and in the low correlations over 
long time intervals. Development during the first six 
or eight months is largely sensorimotor in nature, and 
the more truly adaptive behavior is measured by the 
tests only after this period. A selection of half of the 
tests, through fifteen months, which seemed to be more 
truly “mental,” gave no greater cvmsistency in scores 
than did the discarded half. Probably changes in the 
nature of the abilities tested continue throughout the 
entire period, but they are not so abrupt as between 
six and twelve months. The decreasing rate of growtlr 
with the increasing variability of performance would 
tend to obliterate evidences of change in the abilities 
measured after the first year. 

5. Some conditions which might affect the scores 
were considered. The correlation between scores and 
education of the parents is negative in the finst seven 
months, then becomes zero, and in the second year 
grows increasingly positive, remaining in the third 
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year between ,41 and .SO. This trend may be due, in 
part, to environmental influences, but is probably main- 
ly a result of the changing nature of the abilities tested, 
anti possibly also of diflfering rates of development. 
The experience of the play school seems, on the aver- 
age, to raise slightly the scores of the sixteen children 
wlio had play-school experience. The effect of envi- 
ronment on scores cannot be determined from the 
parcnt'Child relationships studied here, because the de- 
veloping abilities measured in the first year or two of 
life are different from the subsequently developed in- 
tellectual abilities which may be related to parental 
education. 

There was no evidence for a general factor of intelli- 
gence during the first three years, but the findings indi- 
cate, instead, a series of developing functions, or 
groups of functions, each growing out of, but not neces- 
sarily correlated with, previously matured behavior 
patterns. 
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LA CROISSANCE MENTALE PENDANT LES TROIS PREMIERS A NS; 

XJNE feTUDE DU DtbVELOPPRMENT DE SOlXANTE-ET-UN 
ENFANTS AU MOYEN DE TESTS RP.pms 
(K^sum^) 

On a fnit mhir dca testa mentftux A uii groupc il'cnfanta normaux A dt 
courta intcrvalJcs pencinnt Ics iroia mis siiivapt )ft naiJtUflnce. Lc premier 
^clianlillonngc n compria 6i cnfania. Oiinraiue^neuf tIVntre cux nnt com- 
pl^t^ Ic iroisiAinc nn dea testa. La coiminncc ties tests pcndaru Ics irolfl 
premiers moia ii*cst paa aoilRfaianmCi mais npris Ic tToisiime moia lea 
cocflicicnta ilc conatance obtenua par \a mAtVmdc avee \a cor- 

t^tion Spearman-Bro\vn» ont clonnd unc moyenne dc 0,86. La ni^lhode 
Thiirstojic de P^cliellc nbsoluc inditiuc tjuc la croiasnnee cst tr^s rapitlc, 
^tant accil6rce poaitivcinent nu coiiimcnccmciU, avee unc perte de viiessc 
AprAs environ dix ou onze mois. Apr^a qiitnzc moh la vhesse esc h pen 
prAs constanie. 

Lea hearts dtnlonfl dca riMiUntfl btnls sont d^abord ir^s pelilSj main n’ac- 
croiasent avec I’Age. La aculc exception ;\ ceUc tendance, unc Rrttndc 
croissaiicc entre six ct doiixe moi!), s'accordc avec d'autres (^nioiBiiaRea 
qiii indique un chnngcmcnc danii tea fonctioris mesur^ea avant et aprAs ceite 
pdriodc, 

La vnrinbilii6 (hi gronpc s'cflt accrue cn g6n6rAl nvee la crohnancc* Lcs 
enfants aont dcYcmin constammcnl diFArents lcs uns des awircs A r^gurd dea 
T^suUnCs lotaux et de I'dgc auquel ila ont r£um A unc pattic dunii^c dcs 
teats- En outre, comme iJs fioiu devcniis plus Ag^i, lcs enfnnts inrlividiicls 
sent dcvcniiH plus variables dans T^cenduc de In di/nciilt^ de leur;s suct^s A 
un nivcmi d’nge quclconque, 

Blen qiie lea tesla vouins doniient unc nssc*/ bonne rorr^lation, nvee de 
longs itnetvnllca de temps entie lcs tests, lea tOTr61aiions dcvicnnerti irfcs 
peu ilcv6cs. Cependnut, lea risukals tetidcni 4 devcnir plus conamnis comme 
lcs enfants deviennent plus 

Lcs tests mesurent diversea fonciions, ou gmiipca de /nnciioiM A dca 
nivcAux d'dge aucccssifs, pUitOl quo qucique fpnetion nnitairc de rinicHi- 
gcnce, On inontre ccln par Tanalyac des parties des tests, le cbangcmeni 
de direction de In courbe de r6cnrl ^lalon, et lcs correlations pen 61cv6cs 
pendant de longs mtervallcs de temps. Le divcloppcmcni pendant lcs six 
ou huit premiers mois cat principnlcment scnaoricl-motcur en nuiure, et Ic 
comportement vraiment cclui d’ndnptaiion nVst mcsur6 par Icb teats qu’nfir^s 
cettc p6riodc. Unc B^lcction cle la molted des lestB, pcncimu 15 rnols, Icsrpicls 
Bcmblaicnt ctre lea plus ‘^meniaiix/’ n'n pas donni unc plus grande con* 
stance des rfisuUnts quo la moiii6 ^corlie. 

Lq correlation entre lcs risuUata et r^duention des parents esi n6gaiivc 
pendant lea premiers sept mois, puia devient millc, et duns Ic deuxUme 
an devient de plus en plus positive, rcstant, dans Ic troisi^me an, eiitro 0,41 
et 0,50, Cette tendance peut 4trc due cn pjirtic nux influcnccB ihi milieu, 
inals sera principplcmcnt Ic r^siiltat de In nature varinnte des bnbilcfd^t (cs- 
tfies, et possiblemcnt ntissi dcsYitcsscs c)i(f6rentcs du (Uvcloppemcni. l.Vxp^ri- 
cnee de I’tolc de ricriation acmblc en moyenne rend re un peu pins rlcv^s 
lcs riaultnts des seize enfnntfl qui ont cii de I'cxpdricncc diinii rccoic de 
r^cr^nlion. On ne peut determiner i'cflfet du milieu aur Jen r4sulu(!i d'«pi4^ 
CCS r^sultnts. 

Lcs r^sultnlH des tesla inOiqiicnt des fnctcurs globmix Avec nu) fnrtrur 
g6n6rnl d'inlQllificncc pendant les troia premiers nns. 


lUvrjiv 
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DAS GEISTIGE WACHSTUM WAHREND DER ERSTEN DREI 
LEBENSJAHREN; EINE UNTEKSUCMUNG DER ENTWICK- 
LUNG AN 61 KINDERN MlT WIEDERHOLTEN 
PROFUNGEN 
(Rcfcrat) 

En wvirdc cine Gruppe vun numialcn Klcinkiiidcrn voii tier Gcl>urt l)is 
ZK\ (Uci JahrcJi wiederhohen IiRclHKtiv/priifiiiiKcn iimcnvorfcrii Die An- 
fnngsiirufung wurdc an 61 Klein kindcni iniflgcfuhrt. von ihnen voUen- 
deten cins dritic Jahr dcr PrUfiinRcii. Die ZiivcrliiasiRkcit dcr Priifungen 
war wiihrend dcr ersten drei Monnten nicht zulricdcnatcllcnd. Nach dem 
dritlcn MoiuCj ober, betrugen die ZuvcrlHsaigkciukoclTizicnLciii nach dcr 
Mcihode dcr gcspalicicn Hitlflcn [split-hnlf method] bcrcdinct, mit der 
Korrektur von Spcnrman*Browii, durclisdmittlicb .86. Die ThursLonc'schc 
Mcihode vlcr nhsolnicn Knugordnung [nbsolule scaling] weis^t daravif liin, 
daB3 das Wachsunn ochr rasch vorgehc. Zverat zeigt cs cine positive 
Bcaclilconigong [positive acceleration]; nach nngcjfnhr zclui oder elf Mon- 
Qten findet dami cine Verlangsamung dcs Waclistnms slatt. Nach fiinfzchn 
Monaten ist die Schnclligkcit fast konstant. 

Die Normalabwcichuiigcii dcr rohen Znhlcn [raw scores] aind zuerst 
Bclir klcin^ nchinen nber mit zuncliniendcm Alter zii. Die citr/ige Aiisnnlmic 
in Bezug aiif diese Tendenz bildet cine scharfc Abnnhmc zwischen aechs 
iind zwdlf Monaien. Diese Aiisnnhmc stimint mil wciieren Beweiaen dber* 
ein, die nuf cine Anderung in den gemessenen Funktionen vor und nach 
dicser Periodc hiweisen, 

Die VariabilUHt dcr Gnippe nahm im AUgmeinen mit dem Wnchsinm 
2 u. Die Kinder wurden einaiuicr ziinehmcnd unahnlichcr in Uezug nuf die 
crzieltcn Gcanmlzahlen und in Bezug nuf das Aker In dem sie irgend 
cinen bestimmten Gegenstand dcr Uincrsucluing zurn ersten Mnl bcinclster- 
ten. Ferner wurden die Kinder rnit zunchmcnciern Alter vnriablcr in Bezug 
nuf den Umfnng der Schwicrigkeit der in cinem bcatiininicn Aker bemcis* 
terten Au/gaben CdlfliculD'-fangc of their successes at any one age level]. 

Obwohl eiunndcr zciiUch naUdiegende Pruf ungen ziemlick Uohe Korrcla- 
lioncn licfern, werden die Korrclniionciii wenn die Zciiabstiinde ztviseken 
den Prufungen Inng sindj sehr niedrig. Die crzicltcn Zahlcn neigen nber 
dazu, mit zundimcndcin Alter der Kinder niiher ubereinzustimmcii. 

Durch die Testa tverden chcr vcrscbicdcnc TiiliKkcitcn [iunclions] oder 
TiitJgkciugruppcn bei Kindern in vcrschiedcncti Alicragruppcri nU irgcntl 
cine cinlicitliclie Funktion [unit function] dcr Intelligent gemessen. Dicae 
Tniaaclie wird bcwicscn durcK cine Analyse dcr cinzcinen Tcaibestandtcilc, 
durch die Andcruiig in der Richtung Kuive dcr dcr Normnlabwcichungen 
[directional change in the standard deviation curve] und durcli die bei 
langcn Zcitabstnndcn [long time intervals] orhakenen niedrigen Korre- 
lalionen. Die Eniwickhing wtihreud dcr crslcn sechs oder nchl Monaien 
ist grosscnlcih sensoricll-motorisclicr Art, und die mchr cchtc Anpasaungs- 
tiitlgkeit [adaptive beknvior] wird nur nnch Vcrlauf dicacr Periodc durch 
die I'csts gemessen. Die mit cincr Auswalil cincr Hnifte dcr Teats, bis 
durch 15 Monaten, wclchc inchr edit ^‘geisilgc” Fiibigkciicn zu prufen 
sckicncn, ais die nndcrc Hiilftc, cr/iclicn Kesukate liefcrtcn Zahlcn, die 
nicht kon.se<pictUcr wnren, nis die rnit dcr nndcrcn Hdlflc crlialtencn. 

Die Korrelaiion zwischen den erzielten Zahlen [scores] uitd dcr Bildvtng 
dcr Ekern ist in den ersten sieben Monaten negntiv, wird dnim Nul, wird 
wtlhrend des zweiten Lcbcnsjalircs zunehmend jiositiv, und bleibt, im dritten 
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Jahr, zwiachen .41 iind .50. DieaG Richtung ivircl vieHeicM (cilwciae clurch 
Einwirkungen der t/mgcbung bcdingt, iat abcr WAhr^cheinlkh KroAsciKeUfl 
die Folge dcr >indcrung in dcr Art der gcprd/^cn Filhigkcitcn und vicHeicht 
tcilweisc Audi von Untcrscliicden in dcr SchnclIigkeU dcr I'Dhvickiung 
bedingt. Erf ah rung in ciner Sniclachulc tpl«y achool] achcini durchacbnitt' 
lich die, durch die Kinder die dicac Krfdlirung hoitcn, crziclien i^atilen ciwaa 
erhSht zu hnben. Die Einwirkiing dcr Umgebung nulF dicae /^ahlcn knnn 
au9 dicsen Eefunden nichl crmittelt werden. 

Die 7^c3tbcfumlc weisen dnrniif hm^ da$s whhrcnd dcr cnlcn drcl )alircn 
cine Einwirkung von Grnppen von Kigcnachnftcn [group fflciorjj], nber 
keine nllgemcinc Elnwirkung dcr Iiiteiligcnz nia Kinhcit [general facior of 
intelligence] atattfmdct. 
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PREFACE 


Interest in a set of triplets, commonly considered 
identical, initiated this study. Soon attention was 
called to other triplets and, by including them in an in- 
vestigation, the writers became involved in a rather 
extended and detailed study. Approaches from medi- 
cal, neuropsychiatric, psychological, and educational 
angles were supplemented by the work of specialists 
in the fields of dentistry, handwriting, and the Bcrtil- 
lon system of finger-printing. 

The main purpose of this study is to present data of 
three essentially normal sets of triplets representing a 
progressive series of similarity. A secondary purpose 
is to present some theories in regard to possible genetic 
relationships among triplets. 

The writers are indebted to the following individ- 
uals for portions of the study; 

To John E. Eames, D.D.S., for the cxaininatioti and 
comparison of the teeth of one set of triplets. 

To F. C. Williams, Lieutenant of the Glendale, Cali- 
fornia, Police Department, Bertillon specialist, for the 
portion of the study pertaining to the recording and 
interpreting of finger-prints. 

To J. Clark Sellers, examiner and photographer of 
suspected and disputed documents, for the portion of 
the study pertaining to the photographing and inter- 
preting of handwriting. 

One of the co-authors (F. N. A.) wishes to c.xpress 
appreciation to Theodore H. Weiscnbnrg, M.D., 
Vice-Dean of Neuropsychiatry at the Graduate School 
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of Medicirte, University of Pennsylvania, for inculca- 
tion of tlie value of intensive study of the normal in 
all fields. Others interviewed for suggestions in this 
study are Dr. N. P. Sherwood, Professor of Bacteri- 
ology, University of Kansas, Dr. H. W, Newell, Di- 
rector, Virginia Mental Hygiene Clinic, and J. G. 
Wahlin, Ph.D., Professor of Bacteriology, University 
of Arkansas. 

Acknowledgments are made to Stanley Cobb, M.D., 
and to E. W. Taylor, M.D., of the advisory board of 
The Archives of Neurology aiul Psychiatry, for a criti- 
cal reading of the manuscript; to L. M. Tcrman, 
Ph.D., Professor of Ps3'chology, Stanford University, 
to C. H. Danforth, Ph.D., Professor of Biology, Stan- 
ford University, and to Harold Carter, Ph.D., Social 
Science Research Fellow at Stanford University, for 
a critical reading of the completed manuscript; to K. 
W. Tiegs, Dean of University College, University of 
Soutliern California, for valuable suggestions (luring 
the progress of the study. 

The writers are especially indebted to the triplets 
themselves, to William, Howard, and John licrtcl, to 
Raymond, Robert, and William Lovell, as well as to 
the D triplets, whose cheerful willingness to cooperate 
in an endless amount of tedious testing and examining 
made this study possible. 

Forrest N. Anderson 
Norma V. Scheidemann 

Los Angeles 
California 
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SUMMARIES OF TFIREE GENERAL TYPES 
OF TRIPLETS 

In ordei' to study similarities and diffeixnccs among 
triplets, three commonly recognized types were se- 
lected, namely, a set commonly considered identical, a 
set commonly considered to have two identicals and one 
sibling, and a set comprised of three siblings. The 
discovery of an identical set, which would be the most 
difficult task, was not an outgrowth of this study, but 
rather initiated it, Of the seven additional sets to 
which the writers had access, only two sets were studied 
since a statistical study was not planned. Summaries 
of the sets selected are aS follows : 

Scl I — The H Triplets. The H triplets are 19- 
year-old boys, very much alike in personal appearance, 
mannerisms, dispositions, and habits. They seem iden- 
tical in the matter of hair color, hair texture, eye color, 
stature, and facial features. Each has slightly mal- 
formed teeth and each has a defect in speech akin to 
lisping. They grew up in Kansas and while there all 
had straight hair. About six years ago they came to 
California and soon each one’s hair began to show a 
decided wave until now each has a natural wave re- 
sembling a Marcel. The mother reports that there 
was but one placenta at the time of delivery. 

Set II — The Los Angeles Triplets. The Los An- 
geles triplets, so named by the Los Angeles mayor 
because they were the first triplets born in Los Angeles, 
are 16-year-old-boys. Two boys are brunette and arc 
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practically indistinguishable from each other, while 
the third iDoy is a blond and does not look as much like 
his triplet brothers as he does like his older sister. In 
jest the brunettes arc often called twins and the blond 
is called the triplet. The mother reports that there 
was but one placenta. 

Set III — The D Triplets. The set of D triplets is 
comprised of two boys and one girl, 21 years of age. 
When babies, these children looked very much alike, 
but by the time they were five years of age they were 
no more alike than were their four older brothers, or 
than they were like their older brothers. The two 
boys were never of the same height or weight. Their 
interests have always been dillcrent. As long as the 
mother selected the children’s clothing the boys were 
dressed alike and the girl had many articles of clothing 
like the boys’, such as sweaters, caps, skirts of the same 
material as the boys’ trousers, with blouse and tie like 
those of her triplet brothers. As soon as the children 
selected their own clothing they showed individual 
tastes and have never once chosen the same styles or 
patterns. Each child always had his own friends and 
playmates. The girl goes out just as much with her 
four other brothers as with cither of her two triplet 
brothers. No two of the triplets seem to be together 
more than any two siblings, nor arc the three triplets 
together more than any three siblings. Many teachers 
who taught the children several years did not know 
that the children were triplets. The physician in at- 
tendance at the time the children arrived reports th.at 
there were two placentae; one for one of the boys and 
the girl, and a separate one for the second boy. 



'J'HK M TRIPLK'l’S 
Pkksonal IIisroRV 

j. fl., \V. H., and H. H., triplets, were born August 
1 1 , 191 1, ill the order named. No diagnosis had been 
made or suspected of multiple pregnancy. Normal 
delivery at full term; born about five minutes apart. 

One placenta. Weights 6^2 lbs, ; 5 lbs. ; lbs. 'l‘bc 

children were wanted; mother says, “Wc wanted a boy 
so badly we thought we were very lucky.” Mother 
thinks she knew them apart from outset but, in spite of 
that, care was always taken to have their respective 
colors attached by ribbon, blanket, and the like. 
Kveryone else always had dilliculty identifying them 
as individuals. 

As babies they cried very little; they were never held. 
H. was “sickly,” following weaning from breast, 
which had to be done for all three at 6 tveeks because 
of incessant time demands made upon mother. Many 
food combinations were found unsatisfactory; finally 
M. was placed on diluted cow’s cream. Others made 
transition to cow’s milk easily. At three months all 
were “overcome with gas”; no serious aftcr-elfects. 
f3ad colds from time to time, freijuent and usually 
simultaneous with the three; chicken pox at same time; 
only |, hail mumps. 

'I'eelinng occurred at 7 monili.s in J. and W'.; slighi- 
ly later in I I.; walking and talking .started at 14 to I .“i 
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inonllis ill J. and VV. ; again slightly later in FI. All 
have had the same moderately projeeting eanines; j. 
had one of these e.\traeted following an injury. All 
wear glasses; J. at 9; W. and II. at about 12. 

There has been a noticeable lack of dilTerenee.s in 
dietary likes and dislikes. No thumb-sucking; no 
enuresis. When one child was separated for a short 
time the others would be lonesome and disconsolate; 
there have been no lengthy scpiirntions. A II ha\’e been 
extremely close to home; have liked the same things; 
always have worketl and planned logether; always 
spoke as “we.” 'I'liey lone luncr, until lately, hcen 
out ahine much. 'They have likeil the same girls; re- 
cently iiave begun to evince interest in “<laies.” Dane- 
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ing school was attemlcil at age 10; all Icanictl c(|iially 
well. 

SchfH)! life commenced at 5. When in the fouith 
grade they were given a reading test; they rated re- 
spectively ill the seventh, seventh, and sixth gradc.s. 
When in junior high school, the principal suggested 
that, since their minds were so much alike, it would he 
better to place the triplets in separate rooms; from that 
time on they have been variously in the same or in 
(lift'erent classes. “If one halts for a word the others 
fall over themselves to supply it,” says tlie mother, "they 
are always talking and answering.” 
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Their best friends have great difnciilty in distin- 
guishing the triplets. This situation lias been utilized 
by the triplets only slightly for they have had strict 
ideas of eiliical hcliavior inculcated. All arc great 
readers, liking the same luinks, 'I'hcy show great in- 
terest in movies ami a very great interest in sports. In 
the field of sports they can carry on a most spirited 
conversation. Their sleeping habits arc essentially 
similar, except that i>f late M. has been easier to arouse 
in the morning. As they have grown up, clothing and 
shoes have been worn emt in the same general ways. 

The triplets submitted to an extensive program of 
examinations and tests. Sumiiiarics of lindings are 
presented without arnplificaiiMns. 'I'hc physical meas- 
urements of the head were made with calipers; other 
measurements were made with steel tape. 

Neurological examinations disclosed an apparently 
identical normal status id the rcHcxcs, and sensory and 
motor systems. OphilKilmological c.xaminaiions dis- 
closed lenglliening of the eyeball of appniximately the 
the same degrees in J. and 11. 'riierc was a somewhat 
less lengthening of W.’s eyeball. However, adetjuate 
study of W.’s right disc, for some unknown reason, was 
impossible. 

PjlYSlC.Af. .M l-ASl KliMI X IS A.XD I’.XAMI.N.ATKINS 

Results of physical mcasureiiuMUS and e.vaminations 
are given in ’I'alde I. 

Pt KsoxAi.rrv 

The triplets re>poiided to a personaliiy study com- 
prised of +1 items. The billowing t|uesiioiis are typi- 
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TAULE 1 

Physical Measurements and Examinations ok II Triplets 



Measurement 

j 


W 


11 


1. 

UeiKlit 

168.27 

cm. 

168.65 cm. 

167.0 

cm. 

2. 

Weight 

55.9 

kK- 

57.3 

kK. 

56.+ 

kg. 

3. 

ITcntI circumference 

56.5 

cm. 

57 

cm. 

56.75 

cm. 

4. 

Glflbelln-inloft {over vertex) 34.0 

cm. 

34.0 

cm. 

34.0 

cm. 

S. 

Antcro-posierior he.icl 

20.3 

cm. 

20.2 

cm. 

20.1 

cm. 

6. 

JJiaural 

13.7 

cm. 

13.9 

cm. 

13.7 

cm. 

7. 

Hitcmpornl 

10.8 

cm. 

11.0 

cm, 

11.0 

cm. 

S. 

Jnw nnglfi 

10.1 

cm. 

10.3 

cm. 

10.2 

cm. 

9. 

Right enr 

6.3 

cm. 

6,2 

cm. 

6.2 

cm. 

10. 

Forearm 

42 

cm, 

44 

cm. 

42 

cm. 

U, 

Cervical proniincns- acromion 








R. 19.0 

cm, 

19.0 

cm. 

19.0 

cm. 



L. 18.5 

cm. 

19.0 

cm, 

19.0 

cm. 

it 

Right hand 

22.0 

cm. 

22,0 

cm. 

20.5 

crn. 

13. 

Left hand 

21.5 

cm. 

21.25 cm. 

21.5 

cm. 

14. 

Left thumb 

4.0 

cm. 

4.0 

cm. 

4.0 

cm. 

15. 

Chest circumference 

80.0 

cm. 

81.5 

cm. 

81.5 

cm. 

\6. 

WoSst 

66.5 

cm. 

67.0 

cm. 

68.0 

cm, 

17. 

Tlipii 

84,5 

cm. 

83.5 

cm. 

8S.S 

cm. 

1ft, 

Foot 

26.0 

cm. 

25,5 

cm. 

25.5 

cm, 

19. 

Mln.-max. on respira- 








tioii 

79-84.5 

cm. 

81-85.5 

cm, 

81-85 

cm. 

30 

Pupil diameter 

R. 4 

mm. 

4 

mm. 

4,5 

mill. 



L. 5 

mm. 

4 

mm. 

4.5 

mill. 

21. 

Puiae (prone) 

n 


66 


6H 


22. 

Pulse (exercise) 

96 


88 


96 


23. 

RIood pressure 








(prone) 

126-7+ 

mm. 

124^70 

mm. 

116-64 

mm. 

24. 

Blood pressure 








(sitting) 

IJ4-7+ 

mm* 

122-68 

mill. 

118-60 

mm 

25. 

Biood pressure 








(exercise) 

m-66 

mm. 

122-66 

mm. 

122-58 

mm. 


26. 

Handedness 

rifilil 

right 

Ich 

27. 

Hair 

dark brown 

identical 

identical 

28. 

Skin 

brownish 

jdemien! 

Identical 

29. 

Marks (blemishes) 

none 

none 

small patch 





freckles r. 





mod. (high 

30. 

Eye pigmentation 

grey blue 

ideiiticni 

ideiiiicai 

31, 

OphthnJmologicnl findings 

R. 7 I) 

R. ? 

R. 5 D 



L. 5 D 

2D 

L. 5 I) 

32. 

Pubic hair 

plus plus 

plus plus 

plus plus 

33. 

Axillary hair 

plus 

plus 

plus 

34. 

Genitals 

well 

well 

well 



developed 

developed 

tle\mlopcd 
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TABLE 1 {conlintte//) 



Measurement 

J 

W 

11 

35. 

Chest 

mild Harrison 
groove 

norm a i 

slight left 
lircast cn- 
laigmcTit 

36. 

Reflexes 

brisk nnd cqiinl 
warm moist 

identical 

iciciitica] 

37. 

Perspiration 

idcnticnl 

idcnticnl 

38. 

Heart and lungs 

negative 

negative 

negative 

39. 

Sensation 

normn) to all 
tests 

identical 

identical 

40. 

Cranial nervea 

nil negative 

identical 

Identical 


cal of this study: /Ire you ialkaiive? Bashful? Soda- 
ble? Kindhearled? Tactless? Stubborn? Frank? Self- 
assertive? Vain? Generous? Proud? Superstitions? The 
triplets’ answers, given privately, were identical in 35 
cases. In two cases J. claimed to differ from his two 
brothers; in one case W. claimed difference; in three 
cases one or two brothers give both positive and nega- 
tive answers upon reflection. 

Emotional Stabtutv 

The Woodworth-Cady Emotionality Test as adapted 
by Terman (28) was given to the H triplets. To all 
but five questions the triplets answered in identical 
terms that were indicative of stability. In the five 
cases where there was non-agreement, J, differed twice 
from his brothers; H. differed three times. 

PsYCHiATUic Test Findings 

A psychiatric examination, made individually, dis- 
closed a great similarity among the triplets, but slight 
differences were encountered also. When asked 
whether be felt that any discrimination was made 
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among them, J. answered, “No. Being number one 
gave me some advantage. I thought I was the oldest 
when we were small; the boys always asked me what 
to do, and so on.” To the same question, W. responded, 
“No. I never had any feeling on that, Oh, in a way 
I did feel a little sense of discrimination, for instance 
if we went driving J. always wanted to be first. He’d 
say ‘I was born first.’ ” H. answered, “I used to feel 
slightly irritated in being number three; not any more 
though. I was sort of the baby of the family, but I 
think I’ve proved myself up to the rest. I haven’t any 
real feeling like that now.” 

When spontaneous comments on differences and 
similarities were called for, J. said, “I think we like 
different kinds of girls since the girls \vc go with are 
altogether different.” W. said, “Well, I think I’m a 
little more kind-hearted or generous. The others are 
not tight, but when I get paid I take the car down and 
get it greased; J. wouldn’t think of that.” PI. an- 
swered, “I don’t like to sit around, I like to be up and 
doing. The other two like to sit around more ; they are 
not quite as active. It is quite a coincidence, but the 
girls we are going with are very close friends. They're 
different, though. When we look at anything we al- 
ways remark the same things. A friend to one is a 
friend to all.” 

J. thought that the sleeping habits of the three boys 
were the same, except that H. might get up a little 
earlier. W. thought he slept the most soundly, while 
H. claimed to be a light sleeper. “The other two are 
harder to get up," said H., “J. especially is awful hard 
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to get up.” Pubertal changes were believed to have 
occurred simultaneously. 

During the course of the examination and several 
other contacts, the examiner could never get away from 
a very strong sense of identity. Ways of responding, 
gestures, hesitations, general mannerisms, all left the 
examiner unable to keep clearly differentiated pictures 
of the three in mind. 

Intelligence Ratings 

The registrar of the high school attended by the boys 
gave the intelligence quotients shown in Table 2 for 
the triplets as determined by the Tennan Group Test 
of Mental Ability taken on the dates specified. 

The ratings made by these triplets on the Ternian 
group intelligence tests arc of interest for several rea- 
sons. The triplets are all of normal intelligence (with- 
in range IQ 90-110) ; there is a remarkable adherence 
to the median of the normal range; on retests after an 
interval of about three years approximately the same 
IQ ratings were made; even the non-significant differ- 
ences are not uniformly in favor of, or against, any 


TABLE 2 

Terman IQ's of H Triplets 



Dote 

'I'cat 



IQ 

H 


Tcrmnn Form 

u 

99 


12-1D'29 

(1 

(1 

B 

105 

J 

10-27-'26 

<1 

f4 

B 

1(H 

12- 3’’Z9 

u 

fi 

A 

100 

W 

10-27 -’26 

M 

If 

B 

102 


4- 4-'Z9 



A 

99 



110 
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TABLE 3 

Otis Data on H Triplets 


ninct 

MA Corrc- 

Score on A^enorm etiiiivn- sponditi^ 



Oils 

S.-A, 

13 yra- 
or over 

len(9 of 
scores 

Alpha 

score 

Oils 

IQ 

H 

49 

42 

16-5 

131 

107 

J 

SO 

42 

t6‘6 

137 

108 

W 

47 

42 

16-2 

129 

lOS 


particular triplet; the ratings were not influenced by a 
particular form of the test. 

The Higher Examination, Form A, of the Otis Self- 
Administering Tests of Mental Ability (30-minute 
time limit) was given to these boys by one of the pres- 
ent examiners. Table 3 gives the data obtained from 
this examination. 

The ratings on the Otis c.xamination indicate a re- 
markable similarity in mental ability, and a very close 
adherence to the norm for adults. The slightly higher 
IQ ratings obtained on the Otis examination in com- 
parison with those obtained on the Binet scale (older 
students) may be due to Otis’s method of obtaining 
IQ’s. Otis believes that the method he provides gives 
IQ’s that correspond with what the Binet IQ’s of older 
students were when they were younger. 

Vocabulary Ratings 

Terman emphasizes the significance of vocabulary 
tests. He found the correlation of the vocabulary test 
in the Stanford Revision with the entire scale to be .91 
for school children and .81 for adults. Mental age 
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based upon vocabulary score alone, he says, would not 
be far wrong in a large percentage of cases. 

On the Stanford Revision vocabulary test, this set of 
triplets rated as follows : 

W. 11,520 words (avcrn);c ndiik vocabulary) 

J. 11,160 words (overnge adult vocabulary) 

H. 11,880 words (average nduU vocabulary) 

All three boys passed the first 21 words and failed on 
the last 10 words (one list only was used). The 18 


TABLE 4 

Transcript of School Records of H Triplets 


Subjects 

j. 

W. 

H. 


English 1 

c/n 

C/D 

B 


2 

3 + 

3 + 

B/S H/a $ made un with n 2 

3 

3 + 

3+ 

3+ 


History 





Ancient 

C/B 

C/H 

C/A 


Modern 

2 

3 + 

3 


U. S. 

3 

3 + 

3 + 


Civics 

3 

3 

3 + 


Economics 

3+ 




Soc. Prov. 


3+ 

3 + 


Algebra 

A/3 

B/3 



Biol. lab. 

3 + 

3 + 

3 + 

J., W., oml II, fulled Bial. lab. Each 

Chem. Inb. 

3/B 



repented the course, making grndcs 





of 3+. 

Physiology 


2 

3 + 


Typing 

^/B 



J. failed typing in second aem. and 

Advertising 

C 

C 

B 

repeated it, making n grade of B. 

F. H. drawing 

C/B 

C/B 

C/B 


Woodwork 

2 

3 + 

B 


Music 

B 

B 

B 


Phya. Educ. 

A 

A 



Oral English 

B/C 

B/C 

B/C 


Adv. F. IT. draw. 3 

3 + 

3 + 


Auto shop 

C 

C 

C 


Printing 


B 




Passing grade in school 3/D. 

Grade required for recommendation to college 2/Ii. 
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intermediate words showed irregular successes and 
failures for the tliree boys. 

School Ki-couds 

Transcripts of the H triplets' tenth-, eleventh-, and 
twelfth-grade records are given in Table 4. 

Interviews with Instructors Who Taught All 
Three of the H Triplets 

Mr, R. — Anio shop 

"I line! them two yenrs; I had to kivc them the same grade sim- 
ply because I could not tell them apart. I did not feel they had espe- 
cial mechanical ability. They got on all right with the other fel- 
lows. I'liey were especially enthusiastic over the physical education 
department.'* 

Mr, G, — Woodwork 

*'Niccr boys I never had as far as willingness to do is concerned; 
you couldn't tell them .apart. 1 hud 11. two years and W. ofie year. 
H. was a boy you could train to almost anything; I think he was 
the quicker of the two in an emergency. 11. did some beautiful cabi- 
net work. Of course I knew more about lu'm." 

Mr. T , — Adveriising 

'‘I found there was a remarkable similarity in what I call degree 
of responsibility and efficiency among the boys. The only difference 
I could mention was that H. was a little more reliable and steadier 
than the other two. Possibly W. was a little flightier — more apt to 
be talkative and excited over school affairs. H. was a bit more inter- 
ested in this class and has plans along this line. During the last 
part of the course I could tell them apart. They had liappy and 
rather volatile dispositions — almost effervescent. I noted no changes 
in mood. They were generally popular; all three 'fell' for the 
same girl in the class. Their work was remarkably uniform." 

Mrs. — Cafeteria Manager 

"13y getting the three lined up togctlicr I could tell iluun apart. 
One U'as noticeably quieter; I don't know if it was W. or H. I'hcy 
were nice chaps, always very courteous and tlunighlful. Tlicy were 
dependable, and very popular." 
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TABLE 5 

Mechanical Aptitude Ratings of H Triplets 


l‘eat 

j. 

w. 

n. 

MncQunrric 

51 (low) 

49 (low) 

47 (low) 

Stciiqiiiat (rnw scores) 

85 

70 

75 


Mechanical Aptitude Ratings 

Two tests designed to measure mechanical aptitude, 
the Stenquist Assembly Test, Series II, and the Mac- 
Quarrie Test for Mechanical Ability, were given to 
the H triplets. The scores attained are shown in Table 

S. 

The Stenquist test is comprised of a series of 10 as- 
sembly tests each consisting of a common mechanical 
object Each mechanical model is presented unas- 
sembled and the subject is required to assemble it under 
standard conditions. The MacQuarrie test is a paper 
test testing component factors of mechanical ability 
such as recognition of space, muscular control, visual 
acuity, and the like. The differences in the types of 
the tests must be kept in mind when interpreting the 
scores. All three boys took courses in auto mechanics, 
woodwork, and shop. Possible effects of practical 
experience must be kept in mind also. 

In an interview in regard to the boys’ work in auto 
mechanics, the instructor of the class said that “the 
boys have no mechanical ability.” 

Visual Art Ratings 

Three tests of visual art, recognition of proportion, 
recognition of color, and originality of line drawing. 
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TABLE 6 

Visual Art Ratings op H Triplets 



j. 

W. 

li. 


Recognition of 
proportion 

8 (overage) 

6 (inferior) 

S (inferior) 


Recognition of 
color 

38 (very 
superior) 

33 (nverflge) 

36 (superior) 


Originfllity of 
line drawing 

1 (inferior) 

1 (inferior) 

1 (tttferiot) 



were selected from Lewcrnz’s Tests in Fundamental 
Abilities of Visual Art. The first two tests are ar- 
ranged in multiple-choice forms. Each of the three 
tests is designed to measure physical capacity or native 
efficiency. Success in the tests is considered to be 
rather independent of training. 

The scores made on the art tests arc as shown in 
Table 6. 

The Kent-Rosanoff Association Test 
Responses 

The Kent-Rosanoff Association Test was given to the 
H triplets and a comparison of the responses was made. 
Among H.’s responses there were live and among 
W.’s there were eight responses not found in the fre- 
quency tables based upon the responses of 1000 nor- 
mal subjects. Kent and Rosanoff recognized that the 
frequency tables do not exhaust all normal possibilities 
of word reactions; some essentially normal reactions 
are found among individual reactions and are not to 
be classed as pathological. The devisers of this test 
proceeded to define the words that are to be counted 
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as normal, although occurring as individual reactions. 
When these definitions are taken into consideration, H. 
showed two individual reactions and W. three. J. 
gave no individual responses. 

J. and W. each gave one doubtful response and H. 
gave two. Two of W.’s three individual responses 
are also classed as juvenile responses. H. and J. gave 
no juvenile responses. None of the boys responded 
with neologisms, word complements, particles of 
speech, or gave indication of the phenomenon of per- 
severation. One of W.’s individual responses was an 
association to the preceding stimulus. None of the 
boys gave an association to the preceding reaction. 
There were no repetitions of previous stimuli, and no 
unclassified responses. There was no failure to re- 
spond to a stimulus word. 

The Watson Test of Public Opinion 

The Watson Test of Public Opinion, in reality a 
measurement of common deviations from fair-minded- 
ness, was given to the H triplets when they were 19 
years 8 months of age (given 4-19-’3l). At this time 
J. was a clerk in a drug store, W. a clerk, and PI. an 
assistant pharmacist. The three boys were then, and 
had been for a period of about 1 1 years, affiliated with 
the Roman Catholic church. 

The gross scores made by the boys on the Watson 
test, the distribution of the points over the six forms 
(parts) of the test, together with Watson’s mean score 
(311 cases) and standard deviation, arc shown in 
Table 7. 
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TAUIK 7 

Data on^ the H Triplets’ Gross Scores on* the Watson Test 
OF Public Opinion 



A 

U 

Formo of icaI 

C 0 

K 

F 

OroBs 

score 

w. 

2i 

24 

H 

16 

12 

15 

25% 

H. 

25 

84 

22 

14 

4 

22 

267o 

J* 

21 

27 

28 

17 

8 

30 

27% 

Wfliaon 

mean 

, 23.9 

40.9 

27A 

■>4.1 

37,6 

U.7 

29.1 

S.l). 

11.5 

19.8 

20.5 

20.8 

29.9 

12.5 

U.3 


Watson provides a method for making an analytical 
evaluation of the gross score, indicating the extent to 
which the prejudices of a subject are in agreement with 
the special interests of (1) economic radicals, (2) eco- 
nomic liberals, (3) economic capitalists, (4) persons 
fighting for a "social gospel,” rather than an individual 
interpretation, (S) persons interested mainly in a "per- 
sonal gospel,” prayer, mysticism, communion, salva- 
tion, etc., (6) fundamentalists, orthodox "Apostles* 
Creed” variety, (7) modernists, holding liberal Chris- 
tian views, (8) religious radicals, very broad, dis- 
pleased with most existing Christian manifestations of 
religion, (9) Protestants who are inclined not to like 
Catholics, (10) Catholics who arc inclined not to like 
Protestants, (U) persons with high, strict standards 
of sex-ethics, or amusement, or "bad habits,” or similar 
moral matters, (12) persons with broad loose standards 
of sex-ethics, or amusement, or "bad habits,” or similar 
moral matters. 

A convenient method of representing the analytical 
score for an individual is by means of a prejudice pro- 



A STUDY OF TRU’LETS 


117 


Pcrceninge of prejudice agreeing with; 

0 lo 

zo 

40 JO 

j 

Economic radical 

.1 1 

1 1 

2. 

Ecunumlc liberal 


i 

n 

3. 

Economic cApiialiili 


i 


4. 

Social eoipcl; Industry; peace 




5. ’ 

6. 

Personal gospel: mysticism 

Orlhodox fundamentalism , 

iJ 

1 

p j 


7. 

Modernism; Christian liberalism 


r' 1 

! 

8. 

Religious radical 

i1 

f 


9. 

rrotcsiantlsm ; opposing Roman Catholics 



JO- 

Roman Catholicism: opposing Protestants 


JX_.. 

u. 

Strict, puritanical moral censorship 



i._ 

12. 

Frecclamj liccpsc, uncensorrd morals 



-ii 1 


FIGURE 4 

Tim H Triplets' Prejudice Profiles on the Watson Test of 
Public Opinion 

J. 

W. 

file, Figure 4 represents the superimposed profiles 
of the H triplets in order to permit ready comparison. 

Voice 

In conversation with the triplets, the investigators 
noted striking similarity in the triplets’ voices. The 
pitch and quality of the voices, as well as a slight speech 
impediment, seemed so much alike that an experimen- 
tal situation was arranged to see whether the individual 
voices could be distinguished. 

Copies of Lincoln’s Gettysburg Address were pre- 
pared in which sentences were paragraphed in irregu- 
lar manner. Each paragraph was designated to be 
read by one triplet. Sometimes the same triplet would 
be required to read two or three successive paragraphs, 
always waiting two or three minutes between para- 
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graphs. Seven paragraphs were assigned to each 
triplet. For the observers blanks were prepared on 
which the name of the triplet reading each paragraph 
could be recorded. The observer not acquainted with 
the boys was required to record “same" when the same 
triplet read a following paragraph, and “different” 
when another triplet read a following paragraph. 

Four observers took part in the experiment; the 
father, the mother, a close adult friend of the triplets, 
and one of the investigators. The triplets were sta- 
tioned at one end of a large double room, as closely 
together as possible (one sitting on a chair, the other 
two standing behind the chair so that the three heads 
were as close together as possible). The observers 
were seated at the opposite end of the room at a dis- 
tance of about 15 feet from the triplets and with their 
backs toward the triplets. 

The three observers who were well acquainted with 
the triplets were able to recognize which one read each 
of the 21 paragraphs included in the experiment, The 
observer who did not know the boys was able to recog- 
nize in each case whether the same or another triplet 
read a following paragraph. 

This crude experiment did not control voice inten- 
sity, rate of reading, expression, or absolute direction 
of sound, factors that furnished clues for the observer 
not well acquainted with the boys. 

Teeth 

Dr. John E. Eames examined the dental arches and 
the teeth of the H triplets and made the following re- 
port; 
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‘'In all three eases the cruptiort of the third molars is incomplete 
with indication of normal position and eruption, AH possess great 
similarity. 

“The contours of the arches bear close similiarity with no super- 
numerary or missing teeth. In each case the upper arch appears 
underdeveloped and slightly pointed with protruding anterior teeth. 

“In each ease the supporting tissue offers evidence of inflammatory 
disturbance with scnimal deposit present around many of the teeth. 
This most likely has origin in dietary imbalance, and is transitory. 
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"Structiirnl defects of enamel arc found occasionally. Some 
teeth of all three boj-s have been filled, 

"The great similarity in these three cases is the tooth form (mold) 
being identical." 

Pinger-Pkints 

Lieutenant P', C. Williams of the Glendale Police 
Department took the impressions of the finger-prints 
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of these triplets and made an analysis of the prints. He 
presents the following findings: 

“Although tlicre arc occasional crude similmiies in tl'c finger- 
prints of these triplets, there is not a single instance of i/lenlily be- 
tween any two fingers. The following are some of the gross 
similarities and differences disclosed in a rigid examination of tlic 
total 30 finger-prints. 

"W. and J. have a whorl in the right thumb of a similar pattern 


Alias 


Htx 


CiAssincAnoH ~/t 




|ilPfl£3SfOW TAKra PYl 


Dm 
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but with different ridge counts* different bifurcations* different 
abrupt endings* and different departures of the ridges. 

*There is a similarity in W.*s and H.'s right index fingers with 
J.^s left index finger, yet entirely different coimts arc found to be 
present in each ease. 

left middle finger bears a plain arch which does not show 
in any of J.’s or fingers and in no otiicr of W/s fingers. 

'‘In tlic balance of the fingers we find that W/b right ring and 
right little fingers do not show similarities to H/s or J.'s correspond- 
ing fingers. 

right forefinger bears n radial loop pattern. Likewise, 
radial loop patterns arc found in H.*s riglit and left fore fingers and 
in Jds right and left fore fingers, but in each pattern there is a 
different count and each is a different kind of radial loop pattenu 
‘^AltJiough tlicsc triplets may be called 'idcnlicar and to tlic casual 
observer may seem exactly alike, it is enlightening to know that their 
finger-prints arc noticeably not alike even to the layman. 

7' here are no iwo fingers of (be (ofal 30 digits (hat are in any 
way alike, not even in ridge cotatts^ 

"A comparison of the ridge counts is here presented in tabular 
form:” 


TAhUt 8 

Ridcb Counts ok M Trii'i.rts 




Kighi hand 
J. VV. 

n. 

J. 

Left hand 

W. R. 

I. 

Thumb 

20 

22 

t6+t 

13 

16 12 

2. 

Forefinger 

0*J8 

021 

026+ 

022+ 

021 024+ 

3. 

Middle finger 

/• 4 

I 1 

i 3 

/ 4 

I 6 

4. 

Third finger 

24-H 

21 

24+ 

IJ 

17 19 

5. 

LilUe finger 

aj+ 

20+ 

21 + 

18+ 

21+ 20+ 


*0 stands for ^'oiiter"; f for "inner." 

t21+ and 24+ menn indefinite cennis. Tlicrc nrc nt least 21 and 24 
ridges but how many more is not determined. 


The "classifications” of J., W., and H. are 

5 R 01 23+ £ R , I R or 21 + 

and , 

17 R 01 19 —a 21+ 17 R 01 

respectively, This does not show a greater similarity 

between any two than with a third. 





THE LOS ANGELES TRIPLETS 


l^KRsoNAi, History 

R. L,, W. L., and Ray, L., the Los Angeles triplets, 
were full-term babies; delivery is said to have neces- 
sitated version of the first child, A diagnosis of triplets 
or twins was nut made. The mother states that the 
physician in attendance at the time of delivery re- 
ported a single placenta with three umbilical cords. 
The weights for R., W., and Ray., were 5 lbs., .SK> lbs,, 
and lbs,, respectively. The children were breast- 
fed for three months. All had essentially negative 
health histories; since live years of age, there has been 
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FIOURK ') 

'I'liii Los An'<!i;i.i:s Tkii'i.mts at Ki(iirii;i-N' .Mtixrus dt At;i: 


nn particular illness. VV, has hail some ivouhli; with 
his tcctli. 'I'hcsc triplets were born Se|nemher 22 , 
1913. 

There is no liistory of iwinnint? on either .side of the 
family. The fatlier is 70 years tif a^e at the time of 
this study and the mother is about 45 years t)f age. The 
father has greyish-blue eyes and the mother, dark eyes 
and hair, 'i'here are two other cliildren in the family, 
a girl 20 and a girl 14 years of age. 

Tlie mother made the following statements in regard 
to the triplets; 

“'I'lif !)(tys MTiv pci'ffctly nitrnial, lu.Mliliy cln'Mrcn foini d)i‘ vriy 
/list. 'l‘hey lieiian ut walk wiihin a few luiiiini's of cacli ntlin. 
One (lay when tliey were just ^ iiioiiilis did, ^V, pulled liiiusidf up ai 
tlie talde and he;'an iii walk ai'uund it linIdiiiK uii to tlie lahle tup. 
Riiy. screiiiued, llieii louk hold nf the talde tuji also and tudilled alter 
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W. followed and all three toddled around the table holding on 
to the top. 

think they were a bit slow about talking, but at 18 months they 
were calling 'mama.* Perhaps other things, but I am not able to 
recall. They always shared with each other; no matter how small 
a piece of candy one had, or an apple, it was shared. They still 
share everything, hut my other cliildren do too, as far as that goes. 
When they were small I could not tell which child cried, in fact I 
could not tell tlic two dark ones apart for ever so long. No one 
could. I can tell their speaking voices apart now. Ray.’s voice is 
softer, R. and W.'s voices are very much alike. 

"R. never had any clothes, always wore out his things. I had 
to patch more for R,, too. Any bad luck that occurred, R. and 
W. always got it. Ray. takes better care of his clotlics; lie has 
always been more careful with his clothes. Ray. wears shoes a size 
larger than R. and W, R. and W. can wear each other's shoes 
after the shoes have been worn a while. 

"When, as childicn, the boys would get sick, they all got sick at 
the same time. At birth the children were about the same weight, 
but Ray. soon grew heavier and taller them the other two. Then 
Ray. was always heavier and a he»id or a half head taller tliari the 
other two who were always exactly the same in height and wciglit. 
Wlicn they were about IS years of age Ray. began to be thinner and 
weighed less than the other two who still continued to remain tlic 
same. 

‘*R. is more sensitive than the otiicr two children; his disposition is 
totally different, lie is very stubborn, you cannot convince him. W. 
and Ray. are more reasonable. R. docs not care to meet the public; 
he IS self-willed; you cannot lead him; occasionally I get close to 
him, but as a rule he Is headstrong and cannot be talked to. W. 
and Ray. are more like I am, easily advised if convinced it is right. 
R. has the foolish feeling that there is some discrimination in favor 
of his brothers. He says, 'It's always I — why don't you ask Ray. 
or W, ?' 

“R. and W.'s teeth overlap in the same way. Ray.’s arc like my 
oldest child's teeth. R. is right-handed in everything. Ray. and W. 
write with the right hand, but throw and hat with the left hand. 

"R. and W. would enjoy opening nn auto shop; Ray. is full of 
business, making money, etc. He lias more the brains, the others 
are more plodders, work with their hands. They have all been very 
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much united; wlicn one was mk^ing the others alwa)‘5 felt some- 
thing was wrong* Usually they have made and held the same 
friends.’' 

Physical Examinations 

Routine physical examinations are substantially neg- 
ative except for W., who presents dclinitc mitral sys- 
tolic murmur. Pleart appears to be slightly enlarged 
to percussion; no evidence of failing compensation. 
No adequate history of rheumatic infection obtained; 
cardiac defect has been noted before. 

Neurological examinations negative to alterations in 
states of sensory, motor, reflex, or cranial nerve systems. 

During all examinations the neurologist experiences 
strong sense of similarity between W. and R. in contrast 
to Ray., who is of different build throughout. 

TABLE 9 

Physical Mrasurhmbnts and Examinations of tub Los 
Angblbs 'rwiM.iiTS 




\V* 


Rny. 

1. 

Height 

178 cm. 

170,8 cm. 

162.4 cm, 

2. 

Weight 

61.0 kR. 

61.0 kg. 

54,1 kg. 

3. 

Head circumference 

56 crn. 

56 cm. 

54.5 cm. 

+. 

Ear to epr over vertex 

33 cm. 

32 cm. 

30 cm. 

5. 

I'orcarm 

43 cm. 

43 cm. 

42.5 cm. 

6 . 

Palm circumference 

R. 19.5 cm. 

19.0 cm. 

18.0 cm. 



L. 20.0 cm. 

18.5 cm. 

17.5 cm. 

7 . 

Neele circumference 

35.5 cm, 

33.5 cm. 

30,5 cm, 

8. 

Chest circumference 

87.0 cm. 

89.0 cm. 

83.0 cm. 

9* 

Min.-nmx. on respiration 86-91 cm. 

88-91 cm. 

82-85.5 cm. 

10 . 

Waist 

75 cm. 

73 cm. 

68 cm. 

11. 

Hip 

88,5 cm. 

90,0 cm. 

86.0 cm. 

12. 

Foot 

24.0 cm. 

24.0 cm. 

25.0 cm. 

13. 

Eyes 

dnrk brown 

idcniic.ii 

blue 

14. 

Hair 

(Inrk brown 

idciuictil 

blond 

15, 

Pulse 

88 (128) 

92 (116) 

80 

16 , 

lllood pressure 

145-100 mm. 

145-90 mm. 

118^85 mm. 
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Personality 

A personality study comprised of questions such as, 
Are you shy? Lively? Talkative? Sociable? Stubborn? 
and the like, was given to the Los Angeles triplets. 
While the study was not sufficiently extensive to de- 
lineate personality or to indicate defijiite differences in 
personality, still there seemed to be a slight tendency 
toward a greater similarity between W. and R. than 
between either of these two and Ray. The examining 
psychiatrist noted that W. and R. gave prompt and 
impulsive responses, and frequently responded with 
“Sure”; Ray. responded more thoughtfully and rarely 
said “Sure.” 

Intelligence Ratings 

The Terman Group Test of Mental Ability, Form 
A, was given to the Los Angeles triplets by the Los 
Angeles city schools. At the time of taking the test 
Ray. was 12 years 9 months of age; R. and W. were 
13 years 4 months when they took this test. The rat- 
ings are given in Table 10. 

These ratings, made on a group test, may be consid- 
ered within the range of normal intelligence (I.Q 90- 
110), Because of the commonly questioned reliability 
of group tests, the value of these IQ*s would not be so 

TAIILE 10 

Terman IQ’s of the Los Anokles Triplets 



Dnlc 

IQ 

Kiiy. 

6-2S*’26 

107 

K. 

1-13^^27 

K9 

W. 

M3^'27 

75 
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'I'AHLK n 

Oti3 Data on the Los yVNOiiLKs Tiupr.Kjs 

Hiiiti MA 

Score on ct(\iik'alciii« 

Olii S.-A. Ak« norm of »(:ore» Olin IQ, 

47 -Irt 16-2 Kh" 

30 40 13*3 90 

37 40 ll-« 97 

significant were it not for the fnet that on the Otis Self- 
Administering Test of Mental Ability, Higher Kx- 
aniination, Form A, given by one of the present 
investigators, practically the same ratings were made. 
The results of the Otis examination, given wlieri the 
boys were 16 years 6 months of age (date 3-14-’30), 
are presented in Table 11. 

In the case of these triplets, no allowance need be 
made for the tendency of the Otis IQ's to be slightly 
higher than the Binet IQ’s, because the boys were 
young when they were given the Terman test. 

The points of interest in regard to the intelligence 
ratings of these triplets include the following; There is 
a greater similarity between R, and W. than between 
either of these two and Ray.; the ratings on the two 
tests are remarkably similar, in spite of the fact that 
the Terman test was given at different dates. 

Vocabulary Ratings 

On the vocabulary test of the Stanford-Binet Intelli- 
gence Scale, this set of triplets rated as follows; 


Ray. 


wordji 

R. 

7,920 

wonlH 

W. 


wurtlfj 


The three boys passed the first 15 words of the vo- 




A STUDY OF THIPLBTS 


129 


cabulary test and failed on the last 14 (one list only was 
used). The 21 intermediate words showed irregular 
successes and failures for the three boys. 

The average adult vocabulary is estimated to be 
11,700 words (Terman) in comparison with the 
10,440-woi-d vocabulary of Ray, whose Binct mental 
age was estimated at 16 years 2 months (Otis test) . Ter- 
man gives a vocabulary of 7,200 words as standard for 

12 years and a vocabulary of 9,000 words as standard 
for 14 years. R. and W., having Binet mental ages of 

13 years and 3 months, and 14 years 6 months, respec- 
tively, do not reach these standards. This may be 
explained by the limited opportunities for reading 
afforded in the home and by the general non-literary 
subjects taken by the boys in school. 

Mechanical Aptitude Rating.s 

On the Stenquist Mechanical Aptitude Test (paper 
test) these triplets made the following percentile ranks: 

Pcrceniile rniik 

Ray. 71 

R. 71 

W. 79 

None of the boys professed an interest in mechanics. 

Since none of the boys has opportunity to manipulate 

machinery or mechanical apparatus of any sort, no 

check on the test ratings could be made. The main 

fact in the attained ratings is that Ray. does not retain 

a superiority over his brothers in this ability. 

SciiDOL Records 

School records of all three boys were obtainable for 
only the grades 7A, 8, and 9, as given in 'rable 12. Ray, 
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TADLli 12 

Transcript op Schooi. Records op the Iajs Anobees 'I’KtPLKTs 



Hay. 

H. 


Grtuh7A 




Coupe rn lion 

— 

B 

A 

Kffori 


11 

A 

Drawing 

C 

U 

B 


C 

C 

U 

MAtlicmaiicfi 

c 

I) 

C 

PliVH. cduc. 

B 

A 

A 

Prnciical ares 

A 



Agriculiiii’c 


A 

B 

Gcogrnpliy 

B 

B 

A 

Grade S 




Cooperation 

A 

A 

A 

Effort 

A 

H/A 

A 

Engfbh 

B/C 

B 

B 

MathcmaiicH 

0 

cm 

B/C 

Latin 

/c 



Phys* etiiic. 

B/A 

A 

A 

Practical arm 

n 

B/A 

A 

Science 

B/ 

A/ 

B/ 

History 

A/B 

A/li 

A 

Grade 9 




CoQperafiofi 

A 

A/ 

A/ 

PITori 

A 

A/— 

.... 

English 

C/B 

A/W 

B/ 

Gen. science 

B/A 



Jr. buaincss iroining 


A/H 

A/ 

Latin 

C/D 



MnthcmaticB 

C 



Oral English 

/B 



Phya. eilnc. 

A/B 

A 

B/ 

Prncticnf arts 

A/ 

A 

A/ 

Mechnnlcnl dr. 


cv 


Social 8tudic.s 


B/C 

B/ 

7'ype writing 



B/ 


has been a year in advance of his two brothers for some 
time. On account of illness, R. and W. dropped out 
of school for a while during a semester in one of the 
lower grades. Ray. was promoted at the end of the 
semester and, on account of crowded conditions in 
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Ray.’s grade, double promotions were made in the case 
of some children, incliuling Ray. Thus, Ray. was 
placed a year in advance of liis brothers who were ad- 
vanced only a lialf grade at the end of the semester. At 
16 years of age, Ray, is in the eleventh grade; R, and 
W. are in the tcntji grade. 



irrCtURIC 10 

FiNOKR-PrINTS of R. (IxJS ANOJiLHS 'l'R)l’I.hT) 
(Reduced unc-hulf) 
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Finokr-Phin’ts 

Finger-prints were made of the Los Angeles triplets 
by Lieutenant F. C. Williams of the Glendale, Cali- 
fornia, Police Department. These prints, together 
with Lieutenant Williams' interpretations, are sub- 
mitted in their entirety. 




AIUS. 
,l)WDal<IH7),HralW 


CussmuiKW /"f: 

ftOTHDtcC 


r*-* <3? . 4 


niOHY HAHO 


1. vxifniir* 1 

1 K 1 

1 A «rMU H««4« I 

1 < r«>r* 1 

1 «. •i«^iCTncnkir| 



mt 



\ u. 

1 ^ 1 

I ;» d 

1 

1 = i. 


i<Rrr kamd 



HAHW 


rtA»« tmftUifV* H !>»»■ 


Ml («M ri%MAa 




FIGURE 1 1 

FmoBR-PniKTs op W. (Lo,s Anoulks Ttui'Mit) 
(Reduced onc-hnl() 
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Interpretation of Finger-Prints of the Los Angeles Triplets 

Made by Lieutenant F. C. Williams of the Glendale Police Depart- 
ment 

Right Thumb: 

R, : Uincr Loop witli count of two* 

Raj’.: Whorl Meeting' ^’nunts: 15 riglit 21 left. 

W. ; Perfect Loop with 9 count. 

Left Thumb; 

Uincr Loop all three; AV, and Ray. — Similar patterns but not 
alike; different counts as: 12 and 7 counts. 
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Right Forefinger: 

R.: Whorl Inner 16 right 10 left. 

Ray,! Diner Loop 10 count. 

W.i Wliorl Inner 16 right 5 left 

Ridge count in Whorl decidedly different; both turn into the 

pattern from the same side, this being the only similarity. 

Left Fovciinger; 

Kay. and R.J Diner Loops decidedly different patterns. 

W.: Whorl: perfect; no similarity to any other, some similarity 
between W.\s left forefinger and R.'s right ring linger; however 
there is a difference in ridge count of .1. 

Right Middle Finger; 

All UIncr Loops; Ray., R., and W. counts in scciucnce as fol- 
lows 12 - 8 - 13. 

Left Middle Finger; 

Ray.; Whorl Inner 15 right 11 left. 

W. and R.: UIncr Loops; these arc noticeably different in pat- 
tern and design. 

Right Ring Finger; 

Whori in each of R., Ray., W. counts In sequence as follows: 
Meeting 12; Meeting 17; Outer 10. 

Left Ring Finger: 

Whori in each of R., Ray,, W., and all Inner; there is n close 
resemblance between these prints in pattern accept for ridge 
counts which in sequence are as follows: 12 left 14 left 15 left. 
Right Little Finger: 

R.; Diner Loop witit 16 count. 

A¥._and Ray.: Whorls different count as follows: 8 right and 
5 right in sequence. 

Left Little Finger; 

W, and Ray, have Whorl patterns Inner counts in sequence .is 
follows; 16 riglitand 21 right. 

R. has Diner Loop with 15 count. 


F. C. W. 3/22/30, 
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'I’fll-; I) I RII’LIvTS 

l’lt(Sil\,\l, 1 1 ISTdkV 

C'. n., \V. I). {l)iiys), :imi C'u.l) {^nrl), iripk'ls, were 
hini) in Sfjnt’nil'cr, Nn was niiuk! 

or siispcfictl «if iniikiplf prognaiuy. Delivery was 
(lornial at the end of (he full term. Two plaeeiUae, 
one for one hoy and one for (he other hoy and the .i'll !, 
were reported hy ilie j>hysieian in aitendanee. A j^irl 
was wiinted since the parents already hail four hoys, 
Ruth parents came from laiyre families; there were no 
twins or triplets on eitlier side of the family. 

As children, (he trij)le(s were always healthy. 'They 
had only tninor illnesses and recovered rapidly. 
Weijfhts and leny:ths at I)irih were as follows (Tahle 
1 .^); 



I'Kiriii-: ].t 

I'll I [) rKlI'l.l I S AT I' I N \ I AKS li\ .\tD 

(I'M 


\M} 


(JMNJ TIC rsvrnof.fxiv MdSCUiKAI'llS 


'I'AHLK 

Wdi^hl Lcu^ili 

UIj [imiiiiiIh lVf/4 iiirlic!! 

fi |«riiil|iU 19 illclirs 

5 iMivnnU 19 

When they were bnhies they nil hioked very much 
iilike; all were ‘‘tnw heads’’ uiuil ahoiit 12 or (.^ years 
of aj^e. At present C, has wavy hrown hair, has 
straight brown, and the girl has much lighter, straight 
brown hair. The eyes of all are blue-grey, but of 
different shades. 

The girl was always interested in girls’ toys and girls’ 
activities while the boys were always interested in boys’ 
toys and boys’ activities. Kach chihl always took his 
own blame; if a parent or teacher blamed the wrong 
child, the guilty child always came forward. When 
the children were small, the girl always "mothered” 
and corrected her brothers. She has never shown 

greater interest in one of her triplet brothers than in 
the other, nor has she shown greater attachment toward 
her triplet brothers than toward her sibling brothers. 

Each triplet has his own hobbies. C. cares most for 
basketball, while W. cares more for hasehaJI. The 
girl was always active in dramatics in the grades and 
in high school. The boys did not care for dramatics 
at all. The boys always chummed with different hoys. 

In the eighth grade, wliile taking part in several 
extra-curricular activities, the girl found it necessary 
to stop scltool for a semester- 'I'lic hoys then cnteieil 
high school a semester in ativance of their sister. In 
order to be able to graduate together, the hoys took 
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easy courses for a half year, thus extending their high 
school work to four and a half years. 

The mother reports that C. is interested in business; 
he likes to do things right, is thorough, likes to work 
hard, and to get something out of it. W. is helping an 
older brother in electrical work at present. He cares 
more for clerical work. Ca. is staying at home and is 
studying music. She cares more for home activities. 

In interviews the investigators found the triplets to 
be excellent entertainers; they were congenial, witty, 
and clever in repartee. However, there was nothing in 
their appearance, ways, manners, expressions, or voices 
that suggested similarity, 

The present heights and weights of the D triplets 
are as shown in Table 14. 

INTELLIGKNCE RylTINGS 

Each of the D triplets took the I'erman Group, Form 
B, Intelligence Test at the beginning and at the end of 
their high-school courses. The tests were adminis- 
tered by testers from the high school attended. IQ’s 
are recorded in Table IS. 

The D triplets were unwilling to take another intel- 
ligence test; the investigators did not urge them to do 
so. 


TABLE 14 




^VclKM 


c. 

5 feet 10 IHCllCH 

143 jKmuds 



5 feet 9 inclitvs 

M-7 pounds 



5 feet 4 iucUcs 

U6 pouudM 
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TAHLE 15 

Teh, MAN IQ’s of D 'rRii'i.ins 



J)n[c 

IQ 

c. 

M6-24 

n 


1-1 2-2 « 

n 

w. 


n 



m 

Ca. 


84 


l-l2-2ft 

S3 


ScnaiL Recokus 

The transcripts of the 1) triplets* school records for 
Grades 9, 10, 11, and 12 show that C. and W. took the 
same courses and in all but three courses made grades 
of 3 or 3-f . In Business Law and Social Problems C- 
madc grades of 2, while W. made grades of 3; in Auto 
Shop each made grades of 2, and each made grades of 
1 in the four years of Physical Education. Except for 
a grade of 1 in Domestic Art, Ca. made grades of 2 
or 2-\- in all courses throughout the four years of high 
school. (Passing grade of school is 3; grade for col- 
lege recommendation is 2.) 

Ca. attended a large state university for about six 
weeks, then left in order to take a trip to Plawaii. She 
does not plan upon going back to school. The boys 
are not planning upon taking college courses. 
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PlANDWUlTING OF THE H AND OF THE LOS ANGELES 

Triplets 

A study of the handwritings of the H triplets and the 
Los Angeles triplets follows. This study was made by 
J, Clark Sellers, examiner and photographer of sus- 
pected and disputed documents. The very limited 
number of handwriting specialists of Mr. Sellers^ 
standing makes this portion of the study a very valuable 
contribution. 

FoBKWOttD 

It appears that there is no other act a person performs which is so 
identifying as his handwriting. 

Every writer forms certain habits in writing which arc charac- 
teristic of tlmt particular individual. No two persons look exactly 
allkci no two persons talk exactly alike, no two persons do any par- 
ticular task exactly alike which calls for the coordination of a group 
of muscles, Because of the latter Let, no two persons write ex- 
actly alike. While the hnml| arm, wrist, and fingers contain the 
same number of muscles, having the same general function in each 
person, it appears certain that in no two persons arc these muscles 
developed alike in their capacity to coordinate, or in their ability 
to obey the will of the writer. If the writing factors arc individual 
to each person, then the liaiulwriting produced by those factors must 
be individual to each person. 

The writing of another may be closely imitated, as far as gen- 
eral pictorial effect is concerned, bv\t the muscular liabit and per- 
sonal writing impulse are extremely difficult, if not impossible, to 
imitate successfully either by design or by accident, and it is due to 
this fact t)iat identification may be made from handwriting, when 
properly examined. 

The microscope enables one to go into fields where the imitator 
docs not go. Under the microscope the halting stroke, irregular 
line, and nervous tremor due to conscious cITort and patchwork, 

[ 139 ] 
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which arc so frequently fciun«l in a farmery, arc clearly discernible. 

The natural writinfr of nn adult is normally free and automatic 
and is done without conscious effort, whereas the /orrery is nearly 
always written in n slow, hesilatinK manner, producing a halting, 
incfiuiar line resulting in an unnatural appearing writing. Due 
to the extreme care talccOp the forger usually writes with a finger 
movement, as he cannot use ordinary free hand movement and 
closely imitate the writing of another. Therefore, to gain better 
control lie uses a constrained finger and hand movement that neces- 
sitates frequent lifts of the pen, as the distance he can write in this 
manner is very limited, When the pen is lifted the forger usually 
retraces the preceding stroke for a short distance cndcavoririg to 
'*I)lcnd in'* the two strokes so the pen lifts will not be noticed. 
This condition is greatly different from the pen lifts due to habit, 

Pressure, sliadlng, and the manner of holding the pen arc fre- 
quently highly individual and should be taken into consideration. 

A simulated writing will almost invariably contain characteristics 
it should not contain, and characteristics it should contain are almost 
sure to be omitted. 

Most people are not familiar with the idciui/ying characteristics 
of their own writing. Very few arc familiar with the identifying 
characteristics of the writing of another. And if one were familiar 
with all the characteristics of his own handwriting and familiar 
with all the characteristics of the writing of another, even then he 
could not produce the writing of the latter, because his mind could 
not control the muscles to such an extent as to omit all of his own 
handwriting characteristics and inject all the handwriting character- 
istics of the other. 

The H Triplets and tub Los Anoblbs Triplets 

Prcqucntly a handwriting expert on the witness stand is asked 
the following question, ‘'If two or more persons learned to write 
the same handwriting system, will not their writing so nearly re- 
semble each other that it will be impossible to identify the writers 
by their handwriting 

Of course, if they were all taught to write from a common model 
and each was able to reproduce exactly the form and writing move- 
ment of the model, then each one would write exactly alike. liow- 
cver, practical experience will demonstrate to anyone tlwit students 
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do not accurately reproduce the model forms placed before them 
in the penmanship class. 

The manner and the degree to which eacli person diveri^cs from 
the form taught constitutes the individual writing habit of that 
person. 

The present eases of the H triplets and the Los Angeles triplets 
arc most interesting and most valuable studies of the limitations :is 
well as the strength of identification by handwriting. 

The conditions under which the specimens of handwriting were 
obtained were as nearly the same as it was possible to arrange. Tlic 
triplets in each ease wrote exactly the same text from a common 
typewritten letter, Each of the triplets wrote the specimen with the 
same pen, with ink from the same bottle, and while seated at the 
same table. None of the triplets watclied the others write, and 
each specimen was put out of sight as soon as it was written so 
that none could consciously or unconsciously attempt to copy the 
writing of any of the others, 

The H triplets had gone to the same grade school and through 
the same high school together, had taken penmansliip from the 
same teachers, and were taught the same system of penmanship, 
namely, the Palmer System. 

The Los Angeles triplets liad also learned to write the same 
System of writing, namely, the Zancr and Bloscr System. 

A study of each of the specimens of each set of triplets forcibly 
brings forward the caution that it is dangerous to attempt to make 
an identification from a limited amount of hfUUlwriting. Note the 
word “trip” in the second line of the II triplets’ specimens. These 
words are so nearly alike that it would he dangerous to attempt 
to make a positive identification from that one word. 

It appears just as evident that with a larger amount of hand- 
writing each one of the triplets has developed certain individuai idio- 
syncrasies in handwriting which make It quite evident each triplet 
can be distinguished by liis handwriting. 

The question has been asked as to whether or not any two of 
each trio write more nearly alike. In the writing of the H triplets, 
the writing of W. and J. appear more similar and H.’s contains more 
divergencies. 

The writing of the Los Ang(?Ies triplets shows less maturity and 
probably fewer writing peculiarities than found in the hamlwriting 
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of the H triplets, iicvcrtliclc.ss there 3 re siiflicicnt peculiarities and 
habits already developed In the hiindwruinu of the Los Angeles 
triplets by which each oitc can be dlsllngulshcd and idcntilied. Pjc- 
toriallyi Ray/s and R.*s writing resemble each other very closely^ 
but a careful examination of eacli letter doejf: not hear (his out. In 
fact, R. appears to have developed more individuality in writing 
than either of tlie others* 

It appears the handwriting of tliesc two sets of trijilcts provides 
an answer in some measure at least to the oft-repeated t|ue.siion, 
'‘Can persons he distinguished or identified by their handwriting 
regardless of similarities in environment, writing systems learned, 
and hereditary influences on tlic muscular and nervous makeup of 
the writer?” 

Respectfully siibinitlcd, 

[Signed] J. Clark Sellers, 

Examiner and Photographer of 
Suspected and Disputed Documents. 
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HaeAiA 

^ ^CrA (L 

C..-A/ — ^(k. I 
<xJiSL^ J^^6l^J^LJls^ 

-'VUA^-O' <cic. 

/o^dAc^jo ^ Go. 

V)-'uuu...i>^. f-}j^ cuic^U.i-<i^ JtjH, 


— — ... 

f ^ •"/ *2^,44 CiS-M. 



. 


1 I 

ii 



e.CC. 


,/f*:^^ 'Shs^-fk. 


Q,4-. ^-vJUc>^ ty, 

^ ■^'O'C^tA. (^, N, 

a.,..,*^ JVA5^c3.vAi3t ..■^(tt/< 

o-^, i?i 3<o ^-, yyc, A 


fS'. 


tl 

W 


U 


FIGURE 15 

HaniWritiko of W. (H Tiupi-kt) 
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// / 936 ?^ 


--t-^ y^ff^Lp 

Ajj^iL^ ^ro^ / A-^X- 

^’^^oLl^I //^/ ^7 ty^l^ T^juU^j c^c 

^ UJ, 

/A/!^ ~~l^ cxy^^y^ ^ £L<x}f yy!v^ i 

7} Ciy^jC^^ CiyiA^ ^ /j, Af ^r{ 

(rvx^Lf ^ Ary (X^a ^rvt 11 

J A i .*...r-lyV^' A O -I Z* V-/ t^P ”T/ ^ 




c^A&tA^f 2^^( (^P TlL^ 


FIGURE 16 

Handwriting of J, (H Triplet) 
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/Of f9-^0> 

,Af-^pAy 

-AL€Ay'>^'¥t'''>}^f j 

-AtiA [1 

,-<Uyy 09^^/:. . Q^t>JLL/ 

l^'‘?1^ . — w-^ 

^^l^iL/ /^V9*P 

I 

^ut-c 02 V.o^jJi 

-'J^-'^Tii/ Ov/^ A‘ /' J ^tt^'l/2^ ^ I 

^ ic ^ *^2?/. y^t 

0^1/ ,>CM H .^’. 

^iP >y^227 ^i^c>\^ I 

Q./^i'Uydf ~/^lA^i/l/ ^^(y/2d2. ^ 

FIGURK 17 

Handwritino ok Ray. (Los Anoblbs TRtn.BT) 
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FIGURE 18 

Handwritiko of R, (Los Anobles Triplet) 
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li 


r; 


tH 


\.SL^ 

||^ ' *2^^ *flS2!!^»-’t^ *C^C^ 

/ / — -CS^ ,i.i,.*CiA<< ^ rt,.ir^M7jx 

O^^uU &' $0 <P />n^ ’ 

y-^ !?^ 45^< 

nu^szd:(^ 




TO 
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FIGURE 19 

Handwriting op W. (Los Anorlps Triplet) 



I'lGUKE 20 

A CoMPAiuKON oi* Trii: HAKi)vvw.rnj<c; nr ini-: (I 'riupi.ivis 

Selections hikcn front thr siiini' relative [tusiticm in Irlier wrirtrn 
hy rct|uc‘sl by oacli (jf the triplets, II., VV., arul Ivjieli in turn 

ctypieil ilte text lif ti\i' Inter front a romntntt utH'wviitnt nvoiii'l, 
itsiri^ (he saint- pen and ink frnni tlie satne bniilr. None* Jwul aa-css 
to handwritinf^ of ilic other two (nun wliicli he coiilii ffinsrionsl} or 
unconsciously copy du* forms used by the others. 'riievc is sufli- 
cient handwi itiiit^ slnnvii here to eslablish tie/iiiilely these selections 
as liavint^ been written l>y lliree individuals, yet :iii ijite resting lateral 
comparison of similarity in some of the letter forms uslmI liy each in 
the same words can be made. 












FU lURE 22 

A Co.MivMusoN 01- Tjn- llANowju'i’iNd 01 TMK Los AN(ii:iJ;S 
'rkiJM.irrs 

Select ions /nnn [lie liarul writing tif each i>( llu* llil^lcls^ k;iy., R.. 
and W., lakcn from a Idler vdiich eacli copied frt)in a conuimn 
tvpc\\'i itteri model, nsini^ tlie same \nn and ink from llu* same hot tie. 

and W. are strih’nj^ly siniilar physically. A lateral cninpai isfui 
of tile manner in which each writes the same word is iiucrcsiiri^. 
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Possible Genetic Relationshits among Triplets 

The literature on the phenomena of tripling is very 
limited, since tripling is in reality the process of twin- 
ning repeated either simultaneously or in rapid succes- 
sion. Thus the findings of tw^ins are considered to be 
doubled or duplicated in the case of triplets. The 
repetition of the twinning process, however, does more 
than double the possible genetic relationships among 
triplet offspring. 

In the case of twins, two general types are commonly 
recognized, single ovum (monozygotic) and bi-ova 
(dizygotic). Monozygotic twins often are referred to 
as duplicate or identical, since they are found to be 
very much alike; their genesis is thought to be a single 
ovum fertilized by a single spermatozoon. Dizygotic 
twins, called siblings or fraternal, are not found to 
bear as close resemblance as the monozygotic. Usual- 
ly the resemblance is closer than that of siblings of dif- 
ferent ages since contemporaneous spermatozoa and 
ova are, perhaps, more alike than those developed at 
different times. Dizygotic twins are thought to origi- 
nate from two ova fertilized by two spermatozoa. 

Thorndike (29, p. 44), in measuring fifty pairs of 
unselccted public-school twins, found the resemblance 
of twins to be approximately .80 in amount. When all 
these twin pairs were ranked according to the degree 
of resemblance, a curve (Figure 24) resulted that led 
Thorndike to question whether twins represent two dis- 

[ 153 ] 
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KIGURK 24 

DiSTftJfitJTfOK OV RliSliMBMNCK CURVIj OF KjKTV PaIRS OF TwiNS 
From Tlionidikc (29) 

tinct modes of fertilisation and genesis. Instead of a 
bi-modal curve, the curve showed the closest likenesses 
to grade off gradually into notable differences. The 
most identical twins, moreover, were found in some 
respect to be less like each other than ordinary sib- 
lings. 

Danforth (7), in regard to the extent of similarity in 
biovular twins, says; 

*'It may be assumed biovular twins will on tlie wlmlc re- 
semble each other to a degree about c([iial to the average lor ^ill 
children of the same family. In individual sets the <lcgrcc of rc- 
fjcniblancc will vary widely, since the possible combination of traits 
from the maternal and paternal germ plasms are very niany.^ It is 
conceivable that occasionally (with our population and birth rate, 
perhaps once in cigin or ten years) a pair of hiovular twins would 
be born with identical germ plasms, Mure frc(iucnt should be 
biovular twins differing in only one chromosome, and progressively 
more frequent the pairs differing by larger and larger degrees until 
the average ot (ratcrnal resemhlaacc 5s reached. 'Fhen progressively 
less frequent sliould be pairs differing to increasing degree below the 
fraternal average.^' 

Biologists give us various inodes of monozygotic 

(he an»ampiion Oku chminoMicfi iniiiiuain their fiulivbliMdiiy nnd 
Mint V'rosHing over' flocst not occur, there would mill he no kun than *1,096 
possible kimift of germ cells to he produced by n given iiulivldual of ciilicr 
sex'^ (Danfordi’s footnote). 
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twinning. Newman (19, p. 131) says that there are 
three, namely : 

1. Fission of the blastoderm, 

2* Double gastrulation, and possibly 

3. Complete fission of the bilateral halves of a sin- 
gle embryonic axis. 

Williams (see 9, p. 425) recognizes four possible 
ways of producing single-ovum twins: 

1. Fertilization of two polar bodies, 

2. Premature separation of one or more blastomeres 
from a segmenting ovum, 

3. Cleavage of the embryonic area, and 

4. Double gastrulation of the blastodermic vesi- 
cle. 

A retarding agency in the development of the ferti- 
lized egg is commonly considered conducive to the 
twinning phenomenon. Newman (19, pp. 133-134) 
cites three possible retarding agents as follows: 

1. U ndersiimulalion of the egg due to some dejecl 
in ihe dewlopmenl-iniHaling mechanism of the sperm. 
Davenport found that twinning is rather strongly 
inherited in the male line. Newman adds that only 
one-egg twinning could be inherited through the male 
line, for twinning as a result of this factor could be 
possible only in the case of monozygotic twins, since 
dizygotic twinning is a phenomenon of ovulation and 
does not concern the male. An undcrstimulated ovum 
would be retarded and would undergo belated fission; 
the degree of retardation would determine the conse- 
quences. 
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2. Belaud placenlation due fo failure of the corpus 
lutcuni to stimulate the uterine mucosa. Newman ex- 
plains that some “physiological tiiscoordi nation be- 
tween the various intricately interdependent factors 
responsible for implantation of the ovum’’ arc involved 
in this condition. The objection that according to this 
view a given mother would always produce twins, since 
the same mechanism presumably would persist 
throughout the reproductive life, is met with the sug- 
gestion that possibly single offspring from parents ex- 
hibiting one-egg twinning arc not true single offspring, 
but that each represents a survivor of a pair of twins, 
one of which succumbed to hazards present in connec- 
tion with one-egg twinning. Newman considers this 
the least objectionable theory of twinning in man. 

3. An hereditary character dependent upon a re- 
cessive gene. A gene acting as a growth-retarding 
factor, causing a temporary “period of quiescence/' 
may result in a belated placenlation and nvinning. 
According to this theory, twinning could be trans- 
mitted as readily through the female as tliroiigh the 
male line. Some of the zygotes, in the case of parents 
heterozygous for the twinning gene, would be niono- 
zygous for the character and twinning would result. 
In such matings, single offspring could occur also. 
Newman considers this genetic theory of twinning 
rather fantastic, but, in view of Davenport’s findings, 
does not wish to exclude it as one of the possibilities. 

In general, all theories as to the genesis of twins 
may be grouped into four categories, namely, those per- 
taining to 
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1. Ovulation and sperm maturation, 

2. Fertilization, 

3. Ovum fission, and 

4. Chromosomal characters. 

Newman’s and Williams’ theories presented above 
cover causes and modes of ovum fission. Davenport’s 
findings have been cited to explain ovum segmentation 
as a result of chromosomal characteristics. Fertiliza- 
tion in these theories is taken to be the result of a 
single spermatozoon uniting with a single ovum (ex- 
cept Williams’ theory of fertilization of two polar 
bodies which necessarily would require two sperma- 
tozoa) . 

A chromosomal theory, other than a growth-retard- 
ing gene, may account for additional twin and triplet 
genesis. During the series of cell divisions, the chro- 
mosomes of sex-cells divide longitudinally by the typi- 
cal process of mitosis and retain their number through- 
out. It may be possible that this mitotic division is 
a double division (due to a recessive gene, stimulating 
mitotic division), not in one case out of 10,000 fertili- 
zations (incidence of triplets), but in one case out of, 
perhaps, 330,000 cases (if all below cited types of trip- 
let genesis occur about equally). Double and triple 
longitudinal division would result in two and in three 
sets of chromosomes so that two or three nuclear forma- 
tions are possible in both the male and in tlie female 
cells. Gesell (9, p. 425) points out this possibility 
when he says that "we must recognize the indisputable 
occurrence occasionally of an ovum witii double germi- 
nal vesicle (two nuclei). Boveri has suggested the 
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additional possibility, — actually demonstrated on eggs 
of sea-urchins and bees — that a sperm may occasionally 
unite with only one half of a precociously divided 
ovum, leaving the other half to develop partheno* 
genetically (Danforth)." 

It is possible for an ovum to be penetrated by /wo 
spermatozoa. Customarily this docs not happen. That 
it does happen infrctiucntly is pointed out by Holmes. 
"Eggs frequently exhibit a curious reaction which 
prevents them from being entered by more than one 
sperm/’ says Holmes (II, pp. 156-157). "The first 
sperm cell that succeeds in penetrating into the egg 
cytoplasm stimulates it to undergo a change at the sur- 
face, which prevents other sperms from gaining en- 
trance. Were it not for this delicate and rapid reaction, 
eggs might be fertilized by several sperm cells, When 
this occurs, as it docs under exceptional circiunstances, 
it frequently leads to abnormalities of development.’’ 
When the "exceptional circumstances’* include a bi- 
nuclear ovum, the simultaneous penetration of two 
spermatozoa may cause no abnormality of development 
other than two well-formed offspring — uni-ovum-bi- 
spermatozoa twins, Should but one spermatozoon 
penetrate a two- or three-nuclear ovum, only one nu- 
cleus could be developed. We must also recognize 
that possible triplet relationships may be multiplied 
according to the relationship of the fertilizing male 
cells, Cell division of the female sex-ccll is very un- 
equal so that only one large cell matures and three 
small polar bodies, formed by reduction division, soon 
disintegrate without taking part in development. In 
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germ-oell, (female) 
tiVBt polar Poay 


divisions Of first 
5 polar Tioily 

second polar body 


FIGURE 25 

Diagram Showing the Genesis of the Ovum 
After T. Boveri 

A similar diagram in which all the daughter cells were of equal 
size would illustrate the genesis of four spermatozoa. 


the case of the male cell, the cell division is equal and 
takes place twice so that four spermatozoa /esult from 
the maturation of a single male germ-cell (Figure 25). 
Since these four gcrm-cclls are derived from the same 
single cell, they may be considered “identical.” Ac- 
cording to current views the four germ-cells are con- 
sidered as being comprised of two sets of two identical 
cells, that is, only cells and their polar bodies are 
considered identical. The four mature cells, how- 
ever, that are derived from a single cell are of identi- 
cal structure and may well be considered identical. 
Moreover, these four cells may be in closer juxtaposi- 
tion and may have equal characteristics of virility and 
attractability to the same or to several germ-cells of the 
opposite sex. Thus, multiple offspring may be pater- 
nally identical or paternally sibling according to 
whether they are fertilized by identical or by sibling 
spermatozoa respectively. Likewise, offspring may 
be maternally identical or maternally sibling accord- 
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ing to whether they are developed from identical or 
from sibling ova respectively. 

In order to analyze all possible relationships among 
triplets it may be expedient to list all possible types of 
spermatozoa and ova that may be the genesis of triplet 
offspring. Table 16 gives these respective types. 


TAHLK 16 

Types or Germ-Cbcls That May He Possihle Genesis of 
Trii>i,et Offsi'hino 



Male 


Female 

1 

Spenn 

1 

rtvum 

2 

»ib* Bjicrms 

2 

sib. ova 

a 

itlcn, Bpcrim 

Z 

iden. ova 

3 

sib. sperms 

3 

Hib. OVA 

3 

ulcn. sperms 

3 

itkn. ova 

2 

iticn. spernis nrid 1 sib. sperm 

2 

iden. ova and I sib. ovum 

1 

3-ruiclear sperm 

1 

J-nncIcar ovum 

1 

^-nuclear sperm 

1 

2- nw vicar ovum 

1 

2’nuclcar sperm and 1 sib. spenn 

1 

2-niidcar avtim mid \ db, ovum 

1 

2'miclear sperm nmi 1 idtn. upcrm 

1 

2*iuidcftr uvum and 1 tdep. ovum 


Figure 26 presents the various possible modes of ferti- 
lization of each germ-cell. The particular occurrences 
of mitosis are not designated in this scheme, but are so 
obvious that the reader will readily understand where 
they take place. This figure shows that there are 33 
possible modes of fertilization of gcrm-ccll (or cells) 
giving rise to triplets. This does not discriminate be- 
tween modes of monozygotic twinning enumerated 
above, nor does it include the theory of polar-body 
fertilization presented by Williams, nr)r does it show 
the two possible combinations in two cases. 

It may be inferred that a late fission of tlie fertilized 
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1 aperm 


1 ovum 



FIGURE 26 

Possible FiiRTiijzA'nONs of Germ-Crlls Generating Triplet 

Offspring 
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TABLE 17 

PossiBLB Triplet Rbmtion'ships According To Ghrm-Cbll 
Gbnbsis and Fertilization 


6'cnejfls 


1 . 

1 ovum 

X j S, then -J- 3 
X 1 S, one div. 2 

IL 

2 sib. ova 

X 2 8ib. S, ihcn \ 2 

X 2 iden. S, ihcn 1 2 

III 

2 iderk ova 

X 2 Sden. S, 1 -i- Z 
X 2 sib. S, J J- Z 

IV. 

3 sib* ova 

X 3 sib. S 
X 3 iden. S 
X 2 Iden., 1 sib. S 

V. 

3 iden, ovn 
X 3 iden. S 
X 3 sill, S 
X 2 fden., 1 sib. S 

vr. 

Z iden,; 1 sib., ova 
X 2 Iden., t sib. S 
X 2 iden., 1 sib. S 


X 3 sib. S 
X 3 iden. S 

vri. 

1 3-niiclcar ovum 
X 1 3^nuclear S 
X i 2-nuclcar and 1 iden. S 
X 1 2-micfear niid 1 sib. S 
X 2 iden., I sib. S 
X 3 iden. S 
X 3 sib. S 


l^elfldonslirp 


Idcn^ 

Iden. 


2 iden.; [ sib. 

Vau iden.; 2 mm. iden,, 1 mat. sib. 


Iden. 

Mat. iden,; 2 pat, idem, J pai. sib. 


Sfb. 

Mat* sib.; pat. iden. 

Mat. sib.; 2 pat iden., 1 pm. sib. 


Iden. 

Mat. iden,, pat sib* 

Mat. Iden., 2 pnt iden., 1 pat, sib. 


2 iden., i »il>. 

2 mat iden., pat sim.; i mat. sib,, 
pat iden. with one and pat sib., 
mat. fden. with other 

1 9)b.; 2 mat. iden., par, sib. 

2 iden.; \ mat. sib., pat iden. 


Idclt 

Iden- 

2 iden.; I mat. iden., pnt. sib, 
2 iden.; i mat iden., pat. nIIt. 
Iden- ^ 

Mat. Iden., pnt sib. 
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TABLE 17 (con/inued) 

Gonosis Uclationsliip 


VIIL 

1 2-nuclcnr ovum 
X 1 2-nuclcar S, 1 2 

X 2 idcn. S, 1 2 

X 2 ftib. S, 1 -i- 2 


1 2-nuclcnr| 1 sib., ova 
X 1 2'nuciear, 1 sib. S 
X 1 2*nuclcnr, 1 idcn. S 
X 3 sib. S 
X 3 idcn. S 
X 2 idcn., 1 sib. S 
X 2 idcn., 1 sib S (aliernativc) 


X. 

1 2-nuclcnr, 1 idcn,, ova 
X 1 2‘‘nuclcnr, I iden* S 
X 1 2-nuclearj I sib. S 
X 2 iden,, 1 sib. S 
X 2 idcn,, 1 aib. S (nUerna(ivc) 


X 3 idcn. S 
X 3 sib. S 


Idcn. 

Idcn. 

2 idcn.; \ mat. idcn., pat. sib. 


2 idcn.; 1 sib. 

Pat. iden.; 2 mat. idcn., I mnb sib. 
Pat. sib.; 2 mat. idcn., I mat. sib. 
Pat. idcn.; 2 mat. idcn., 1 mat. sib. 

2 idcn,, 1 sib. 

2 mat. idcn., pat. sib.; 1 mat. sib., 
pat. idcn. with one and pat. sib.* 
mat. idcn. with other 


Idcn. 

Mat. idem; 2 pnL idcn,, I pat. aib, 

2 idcn.; 1 mat. idcn., pat. alb. 

2 mat. idcn., put. sib.; 1 mat. Idcn., 
pnt. sib. with one mul mat, alb, and 
pat. iden. with other 
Idcn. 


Mai. idcn.; pat. sill. 

Abbreviations used: S ^ sperm and sperms; x = crossed with; 
«= identical; jib, — sibllUK; mat* ~ mnicrnally; pni. — paternally. 


ovum may result in greater similarity between the mul- 
tiple offspring than an earlier fission. This cannot be 
presented expediently in schema, hence only pre- and 
post-fertilization devisions are taken into account, The 
fertilization of a polar body is not included since a pre- 
fertilization division of ovum offers all the possibilities 
of a mother cell and a polar body. A divided unfer- 
tilized ovum might, also, be more susceptible to fertili- 
zation and development than a polar body, since 
sufficient cytoplasm could be provided for each divi- 
sion in contrast to the limited amount of cytoplasm 
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provided a polar body. However, if the reader wishes 
to include the possibilities of fertilized polar bodies 
he can keep in mind that the possibilities of fertiliza' 
tion and the relationships among triplets from this 
source are the same as those of the identical ova {uii' 
fertilized divided ovum). (Ordinarily the ovum and 
first polar body are not thought of as other than sib- 
ling, but since their structure is the same they may be 
considered as identical.) 

The relationships among triplets can be interpreted 
readily from Figure 26, Table 17 specifies the rela- 
tionships among triplets according to germ-cell genesis 
and fertilization. 

In summary, wc may say that there are, perhaps, 37 
possible modes of triplet genesis giving rise to 10 dis- 
tinct types of triplet relationships, namely •. 

1. Identical 

2. Sibling 

3. Two identical ; I sibling 

4. Paternally identical; 2 maternally identical, 1 
maternally sibling 

5. Paternally identical and maternally sibling 

6. Maternally identical; 2 paternally identical, 1 
paternally sibling 

7. Maternally identical and paternally sibling 

8. Two maternally identical and paternally sib- 
ling; 1 maternally sibling, paternally identical 
with one and paternally sibling, maternally 
identical with other 

9. Two maternally identical and paternally sib- 
ling; 1 sibling 
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10. Maternally sibling; 2 paternally identical, 1 
paternally sibling 

The degrees of similarities and differences among 
triplet offspring may be influenced by the type of re- 
lationship and also by the mode of genesis. 



vn 


PLACENTAL RKLATl ONSI 11 PS 

For the layman the number of placentae is usually 
considered the index of the relationship of triplets. 
However, paternal relationships cannot he inferred 
from the number of placentae nor can all types of ma- 
ternal relationships be thus determined. Moreover, a 
most careful examination often is necessary in order to 
determine singularity or plurality of placentae. 

The placenta consists of chorio-amnionic mem- 
branes, plus the decidua basalis of the maternal uterus. 
The amnion is a structure usually distinct for each in- 
dividual twin or triplet unit, irrespective of identi- 
cality. This situation is due to the fact that the amnion 
is a development of the embryo per sc, whereas the 
chorion is a wall of the original blasunlermic vesicle, 
and where this is a unit structure, as it presumably is 
in identical siblings there will naturally be but one 
chorionic formation. A number of cases have been 
collected of apparently single amnions in identical 
twins (Holzapfcl) , but it is generally believed that tliis 
circumstance represents in reality a perforation of two 
originally separate amnionic membranes. 

Placentae will, then, always be multiple in ma- 
ternally fraternal embryos and single in the maternally 
identical type, it often happens, however, even in 
non-itlentical fetuses, that there exists an opparenily 
single placenta. This is due t(» closely adjacei\t itn- 
plantations on the uterine wall, with resultant fusion. 

[1601 
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With anything less than intensive cxanMnation, then, 
these cases may be described as single-placenta in- 
stances and have undoubtedly caused some confusion. 
This circumstance is reported by the physician who 
attended at the delivery of the D triplets. One hoy and 
the girl apparently were attached to a single placenta, 
a circumstance giving rise to confusion until it is 
viewed as a probable instance of implantation close to- 
gether with subsequent fusion of two originally distinct 
placentae. It is quite possible, of course, to find rela- 
tive retardation of one twin or triplet over the others, 
even in the case of identicals, due to some circulatory 
impairment in the area of the one placental segment, 
with preponderance of one anastomotic system over 
the other. 

The single placenta reported by the physician in 
attendance at the delivery of the Los Angeles triplets 
could be explained in like manner. However, it is 
also possible that maternally these children are identi- 
cal, but paternally perhaps only two arc identical. The 
blond may be paternally sibling to his brunette triplet 
brothers. A single placenta would be possible in this 
case, and di/Terences in hair and eye coloring would 
not preclude maternally sibling relationship. 

Whether the physicians in attendance during the de- 
livery of the triplets studied made intensive examina- 
tions of the respective placentae is not known. The 
physicians in two cases, for the Los Angeles and for 
the D triplets, preserved the placentae for about fif- 
teen and twenty years respectively and used tlicm for 
illustrative material when lecturing before medical 
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classes, hence we may infer that their examinations 
were not superficial. 

The measurements and findings of the triplets studied 
arc presented, not with a view of substantiating any of 
our theories of relationships — the factors are tr)o com- 
plicated and our instruments of measurement loo crude 
for that — but rather to give the reader our data and to 
permit him to make his own speculations. 



Yin 


SUMMARY 

The fiiulings of three sets of triplets subjected to 
varying iiniounis of investigations have been presented. 
The three sets represent a progressive scries of simi- 
larity. The first is, by all popular conceptions, an 
identical set; the second consists of two popularly con- 
sidered identicals and an obvious odd ; the individuals 
of the third set are clearly dissimilar. 

The data of this study arc the findings of standard 
physical tests and measurements, neurological exami- 
nations, psychological tests, personality and psychiatric 
investigations, as well as data on developmental his- 
tory. Added to these arc studies by specialists in the 
respective fields of finger-printing, handwriting, and 
dental formations. 

It is believed that these data will be of value for 
certain definite reasons: first, as comparative material 
for subsequent check against similar studies; and, sec- 
ondly, as a possible check against future developments 
in these individuals themselves. Pathological investi- 
gations of twins and triplets arc of unusual interest and 
value; they would be of much more significance if 
made in comparison with previous intensive investiga- 
tions of the same individuals when normal. Sooner 
or later physical or mental pathology is inevitable in 
the development of all individuals; it is then desirable 
to have at hand the findings long antedating this 
pathology, 
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It is believed that the findings of this study are with- 
in the limits of experimental error, and are of value 
in proportion to the value of the tests themselves. It 
seems possible that dissimilarities become manifest, in 
many fields, in proportion to the fineness of measure- 
ments available. 

As a second part of the study, theories of 37 possible 
modes of triplet genesis, giving rise to 10 distinct types 
of relationship among triplets, arc presented. This 
part of the study is frankly admitted to be speculative. 
It seems worth while to bring together these possibili- 
ties, liazarding what seem to the writers as legitimate 
opinions. This part, however, is a theoretical out- 
growth of the objective work, and does not, of course, 
add or detract from the data themselves. 
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UNli £TUDE m TKIPLETS: AVi:C OKS TUfeORlKS DE LEURS RE- 
LATIONS gi^,n£tiques rossiiiLEs 

Onus ccttc ^luclc on a fnit sxihU un grnml proKranimc d'invcjitigauon h 
*rols groupes dc triplcm. Lea troi? grouper rcpriscnlciit me a6ric prcigrcssivc 
dc aimilnrii^ he premier cut iriilcniir|uc, flclon Ic Jiigcmcni coiiniMin; Ic 
de^ixi^mc sc compute de deux )umcftux idciuitpies aclvtn \t \ rnum\m 

Cl uu jumcttu im\ identique; Ic troiMCmc grcnipc «c compose dc lum junicaux 
non idcniifiucs. Lea r^sitluia ubjccii^!! dann Icfi dumninca den nicsorcs 
pbyaiipicN, de la ncuroiogle, dc W pnychiairic, dc In psyOndogic, ct dc i'6du- 
cadon mn compl^lis par lea r65ijUai8 dci^ apteiniiatca dc» domnirics dc la 
dcntit^icrlc, dc I'^criturc, cl <lu ayswmc UcflilUui dc prendre dcs impressions 
dcji doigta, 

Tonies Ics nicaurcR phyai(|ucs dii premier grcnipc dc iriplcia unt eic siii]i> 
laircs d’unc fn^on aurp rename. Dea examena neuroIngiipjCH one rnontrd 
un 6iat apiinremmcnl idcniiquc des f6ncxcs, ties syaitmca aeiiaorici ci nioicur^ 
des examens opluhahnalaguiuca oitt munir^ uii prnlangcinciii dc la pruiicllc 
cn chinqiic cas. Lea r^sulinia dcs icats nicniaux oni £ie prcaipic identiques; 
Ics irii user! pi ions dcs noic^t scojntrcs momrcnl tpic presque Jes iiicincs iiutca 
onl revues par ces iripleis, qunnd mnne \U auraiem suivi Ich cours nvee 
des profcBscura diiUrems. Uch cwnvtruadtm'^ xwee Us piufcsneufs, Its cm* 
ploycurS) el Ics amis dca uiplels oni inoiur^ tpie nul irola individua nc pour* 
raiciu pcul*c(rc sc rcsbcntLdcr plus h regard dc riipparcncc^ dcK im^rcts, 
et dc riiubtlet^ que ccs troiH iriplcia. Lea ifiiprcasioriH den duigh cependam 
n'ont pan 6t^ indcmiqtiea ct i'nnnly^e dc r^criturc par un sp^ctaliaie n itiomr6 
dcs didircuccfi individiicUes bicu que r^criinrc ate ncmld^ ulemique A unc 
pcrsotinc non sp^dalintc, Pea qiieaiionnnirea pour Icaicr la persojiniili(6 
ont monird unc sjinilarlKl mirprcnAnte de r^ponacs; aur 130 r^ponsca pour 
ehaque (riplei toutes les r^ponsea sauI on/c out cii compldiciiicnt le iiicme 
ccraciirt, Ou los vnrlationt) se aom inomrcea, il n'a sembl6 ctre nullc re- 
lation Constance cmre deux den troiB A I'^gard du (nilid^mc. 

Lc dc\ix]6mc groupc dc (ripleis s'esi com|ios6 de deux hrujis ct d'un 
blond. Lcs rncsurcs physiques des bruns nc sont bcaucmip rcsaemblces ct oitt 
diif!£r6 dc ccllcs du blond. Lcr r^sultats dcs tests mentnux et )cs rmlcs sco- 
tairca am indiqtt^ qiic In did^rcnce enirc lea bruns n'csi pns si graiulc que 
ccllc entre I'lm on Tflutre dcs deux ci Ic blond. Cepcndaiit Ics tests dc 
vocnbiilnirc, lea testa d'habilcti nu^cnniquc, Ics Etudes dc lu r>crsorinallt^> ct 
Ics cxnrncna psvcbiatrlqucs n^ont pas tnonrr6 qiic les bruns kc resacinbicnt 
Vun A I' am re plus que run ou ramie resstmblc au Idond. 

Lea membrea du trolaiimc group c dc triplets out; cu dca im^rcls indi- 
viducis. Mill jurnenu n^n nhnd plus I’un ou rauirc dcs mures deux junicaux 
quNin mure frirc ou soeurj ct Ics triplets ne sc aont plus frifpjentis qii’un 
autre frirc ou socur. 

Owirc lea donn^ca dc Ift teeberebe, Ics aviteurs prisemem trente-aept 
moyens d'originc dcs triplets Icsqucls causeiu dix relations illstiueics entre 
lea triplets. Cc grand iioiiibrc d'originc dc triplets c( dc relations gend- 
ll^ucs C8t bna4 sur )n conception que lea apcniintaxoideH qui enuaem les 
triplets pcvwcm cite ideuilqucB ou dc parent^, ct que les ocois qui cnusciit 
lee trip lets peuvem 6lrc idcmiqucs ou dc parcni^. Lc aobcmcni de divers 
types dc apcrmntozoidcB ct d’oeufs doniicrnii done dcs cn/nntH dont les 
relations dependent dc leur ^tiit identique mi dc pnrcnt6 pnternni ou rna- 
lerneb 
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,EWE A% RINSCHUESSLICH 

THEORIBN l5ttEK ll-mil MfttiUCHEK UF.M;E‘TI$C'llE?i 

i ?11 1 

Uiri pine 

in Brmg mi 4ia<^ Diif? i?f'M«: U\, dftf alli^c- 

mduicn ^yimn^ ^im UriiT^ff-jP, uli^ xwnl^: ^l?r*lehi tti/s 

iwfti ^ «in™ imvrr» 

kennliar «i«ci E^i wctKlcn 

objective HfrfwW'dp im Ikticklsi kwtppi%5n«'n dpr 

ticf l^tijchiatnp, tjrir Uini vpn 

SpeiiaHtiien im lVprdr)i ilsr «Jcr ^nd deJ HciiU- 

lofischcn nn]^crabfirw<^i\yMrmiF l 

Aik k^rpptlkWn iMptmjwiSrn »« #?*“» i!*r*Jc« erwkipn s»cb 

fltf aberrawihciid ahwiii:^. Hip UniPinvicbuhKcn ©ffertliaruij 

eintn an^^^hpincbd idpwiifirbffW ikr iki* Sinne^OfiKanp uno 

de* Bpwcf^uhj^iiityiilPmw HpI den Au^cnuniersuchungcn 

mirden in ledem Fall VfrfUtii^pfynK de^ AwRapifek ertfiiluch, ^ Hie an In* 
iclligenxptiifungcn erxklien Xahkn waien faM idrniktli. Noiicriingcn dcr 

Schukpfr^nren ivcfiien datauf hin, dki>« HfillinKC die glefchcn 

Noun crhiehen^ ntUm wctio die !k'bum^:licr xmtr veuchkdenen Kehrcrn 
««cllfir( worden wattw. c;c»p»arbp rnii Lehretn, Chefii, und Freundcit tier 
DriKinge Vinhen erwk^pn, daw drei Ifjflivldwwftn vv»hl kaufft^ ino^flich 
einandcr in BcJtug a«f Au^n»efieii, fmeremn* iind Fahiji1(cilcni ahnlicher scin 
kdnnun, aU diiftip drei Drillings. Die FingcrabdrtwKc, aher, cnvipnen 
nichf fdeniiUi, und erne nadivcmaindiHe Analyne der HaiuUrlinfun wick 
auf indlviduelk UnHer^chiedr hin, «>birwlil die naiiji^rbri/icn cinem l-nten 
flia ideniiiK^K ernchieindin. FfaKPtiUogen uber die PciwHilichkeil fper«onnlny 
kst qucstlonnttireft’J Mefeiipn eini? emmn^mh Ardkbken tier Keaknonen. 
Die An dcr Aniwon war bci alien, mil Anunabnic vnn U, dcr von jedem 
act DHIIIngc Kcgcbencn tW Aniwr^run in den iJrei Fallen vnlllg Ricicli. 

Wo Abwclchungen bcMantlcni aehlen kcinc lieinandigc lUxichunK Z5viac)»cn 
^wei bcsondefcn Mitglkdcrn tier l)rlllinn«Kruppe irn GcRcnaau m dcni 
drldcn Mitglicd %\i bcalchcn. 

Die 2&\vcj(c DrliliiiRagniiipo beaiand avia /vvei bruncuen Wiiglicdcrn und 
«iu(!m blondcn Miiglitd. Die Hrunenen woren in Ikzug auf ibre 
k^rpcrlichcn MesikonRen cin«nder nclir hbnlicb» nnil nnlcracincdcn Rich von 
dem Hionden, Die m ImeUigenapriifungcn erbaltcncn Zahkn und the 
notkricn Sciiulzeniviren wieuen iloranf hin, dasa dcr UntcrBcincd zwkehen 
den Bnmeuen nicbl so grtm war, vvic der IJnicrscbicd :twUc)jen 
irgend cinem dcr bruncUen MitgUeder und dem blondcn MUgUed. In 
WQrtcrscbaizprvifungen, Frufungen der Fiibigkch zu mcchanlsclicn Tihig* 
keiten, Pcrsdniichkciia Unicrauduingcn, and psychiatriscbcn Unlcraucbungcn, 
abaTj zcigic c« sicb nicbr, dnss die Bnmcncn cinnnder iihniichcr woren^ aU 
irgctid cincr von ihucn dem Blondcn nUnlich war. 

pic Miiglicdcr dcr dritiei) Onippc er\vle«cn individuellc Intcresacn, 
Keinet von ilincn war trgciul cinem dcr aiulcrcn zwei stHrkcr zugctniij ok 
k^reend cinem nndcrei) Kinthder-selbcn-Fliern (sibling), Audi wuren die 
drcl Drilfinge niebt {Jficr Vuiannvneni ah hic mit dem nndcren Khid-dcr- 
aeibcn-Eltcrn (sibling) zusammen ivarcn. 

Die Verfaflser Uefern niebt nnr Be f unde aus Untcrauchungcn> aonaern 
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iiyth 57 [mqclcB nf iriplct Wftlchca 

2 chn hcBondcrc Bczjcliun^eti unicr UrilHngcn eiiuf^ringcn. Djcse grpasc 
AnzflhI tier UrsprOngc un<l dcr Rcnciluchcii VerhtiluiisflC bci Drillingcn 
%iuvit sicK auf den UegrifF, clutja die OriHingcn fahrcndcti Spcrtnoloxocn 
jdoniSsch odcr gcficliwiatcrj^ch [sibling] acin ktinticn, unil dass die zu 
Drlilingcn fbbrendert Eicr cbeidnlls cnlwcdcr idciniscb ndcr geHclnvialtriach 
seiti Die Krcu^iihg veradiicdcner SpcrinnioxcKjnarlen irnd Kinricn 

wUrde nlan zu Nacblcdminllngen fiihren, deren iJe^dclnnigcn mif die hlcniiliit 
odifiT GcschwiMcrschnK nuf vitcriicber tjnd mbucdichcf Seiie ntikommcn. 
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THE PROBLEM AND ITS HISTORICAL 
ANTECEDENTS 

There is a type of behavior or a category of reaction 
which the layman and the scientist alike call “emo- 
tion.” The latter classification is the more rigorous 
and more exact, but both designations are primarily 
descriptive of the same behavior. The layman is con- 
cerned with his own fears, hopes, joys, and sorrows, or 
with those of his friends or enemies. The scientist is 
interested in the classification of these states, in their 
external manifestation, and in their more subtle bodily 
concomitants and expressions. Whether wc are con- 
cerned with arousing a pleasant emotion in a prospect, 
quieting the excitement of a neurotic patient, detecting 
the guilt or innocence of a suspect, or merely with en- 
larging the range of knowledge regarding human be- 
havior, the problem of emotion looms large. Past 
experiments and observations have extended along 
several lines — the subjective observation of the emo- 
tional state as such, the rough observation of grosser 
bodily reactions such as running or turning pale, per- 
formance of the individual in “peiicil-and-paper” 
tests, and the more accurate recording of subtler physi- 
ological changes. The trend has been more and more 
toward the last of these approaches. It is rather gen- 
erally conceded now that this is the most promising 
program. 

However, while numerous studies of this sort have 

[ 183 ] 
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been made, they have usually included the simultane- 
ous application of only one or two techniques. We 
find plenty of experiments on breathing or pulse rate 
or blood pressure or vascular distribution but made 
under diflPerent types of stimulating conditions. It is 
impossible, for example, to make accurate comparison 
of changes in breathing where one kitul of stimulus was 
used with changes in pulse rate obtained under differ- 
ent stimulating conditions. What is needed is a more 
comprehensive study in which a considerable number 
of these physiological variables are recorded simul- 
taneously while standard stimuli arc applied. We may 
then note simultaneous trends In breathing, blood pres- 
sure, etc. The present study aims to do just this. We 
have employed a standard set of stimuli and stimulus 
situations on a large number of individuals in different 
experimental periods, with continuous records of a con- 
siderable number of bodily changes. 

Interest in the expression of emotional reaction has 
been manifest by an enormously large number of indi- 
viduals. As above suggested, we find all through the 
history of science a keen interest in the problem of the 
emotion — in fact, classifications have existed from the 
earliest times (10, 11). 

The emotional life, as described by Plato and Aris- 
totle, is dependent upon the manifestation of the pri- 
mary drives — food, drink, and sex. The Stoics and 
Epicureans viewed emotion actually as forms of mo- 
tion and gave directional components for this motion 
in two categories— -positive and negative. Oriental 
writers describe emotions as somatic conditions. 
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Alexandrian physicians noted variations of pulse 
rate as indications of emotional reactions or changes 
in emotion. Descartes, influenced by physiological 
concepts, treated emotion or “passions'* as mechanical 
events (50). An analysis of behavior into elemental 
emotional experiences has likewise been attempted by 
Hobbes, Cabanis, Gall, Lotze, James, McDougall, 
Watson, and many others. Lotze gave the first de- 
tailed statement of bodily changes in emotion, showing 
variation in facial expression, posture, respiration, and 
heart rate, Malebranche emphasized changes in heart 
rate and intensity of the contractions and dilations 
during emotion. 

The novelists and dramatists were very early inter- 
ested in the expression of emotion, especially in regard 
to facial expression and gestures. There are found in 
the history of the French stage quite complete and 
highly complicated directions for changes in facial 
expression to depict emotion (1). The biologists 
showed interest in the expression of emotion, but the 
most complete work, from the natural history stand- 
point, that of Darwin, did not appear until IB72 (23), 
Sir Charles Bell’s work (4) has been called the first 
attempt to make a science of expression. 

After the contribution of Bain and Lotze, there was 
a considerable amount of work done in the "expressive 
methods,” especially in the latter half of the nineteenth 
century. 7'he earliest investigations employing these 
methods in a more exact way were those of Kiilpe and 
Wundt. Using “physiological registration,” Wundt 
greatly amplified the experimental quantitative 
methods, 
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A number of studies of physiological aspects of emo- 
tion led up to the work of Lehmann (47). The psy- 
chological importance of organic changes was 
pointed out by Lange (42), especially changes in di- 
lation of the blood vessels w'ith fright. His work was 
amplified by that of Mosso and Fere. Mosso showed 
fluctuation in the volume of blood in one of the larger 
limbs in emotional situations, and Fere showed increase 
in muscle capacity with each “pleasant sensation” as 
well as a correlative increase in the volume of blood 
in the limbs. Fere also demonstrated, as did Tarch- 
anoff independently, that emotional disturbances 
were accompanied by a change of the difference in 
electrical potential between one point on the skin and 
another, causing a current which could be detected by 
a galvanometer, Also, during emotional state there 
was shown to be a decrease in bodily resistance to the 
transmission of an electrical current from an outside 
source. Lehmann reported changes in the volume of 
blood in the hand, in pulse rate, in the strength of the 
pulse, and in the rate and depth of breathing in emo- 
tional states. 

The material published after Lehmann’s work and 
prior to 1918 was rather voluminous. Among the 
contributions is the study of Forbes and Wells (29), 
in which a close relation between the psychogalvanic 
reflex and the intensity of the emotion reported by the 
subject Was shown. Correlation techniques were not 
used, but the study was made quantitative by defining 
four levels of emotionality and by showing a corre- 
spondence of these levels to degrees of electrical dis- 



ODJECTIVB MEASUREMENT OF EMOTIONAL REACTIONS 187 


turbance recorded. Jung had previously used the 
psychogalvanic reflex in conjunction with the associa- 
tion test, Peterson (Si) discussed the galvanometer as 
a “measurer of emotions,” 

The suggestions of Ferri and Lombroso about varia- 
tions in blood pressure in detecting deception were car- 
ried out experimentally by Marston (49) in 1915, 
Avorking at Harvard under Miinsterberg. Marston 
reported that “fluctuations in the emotions of the wit- 
ness being cross-examined were minutely and accurate- 
ly indicated by fluctuations in blood-pressure.” 
Cannon’s work (17) in the same year established the 
fact of an increase of blood pressure in most fear and 
rage responses. Crile (18) discussed bodily changes 
in emotion, but carried out little experimental work. 

In contrast to the conventional experiments con- 
cerned with rate and depth of breathing, Benussi (7) 
investigated the ratio between inspiration and expira- 
tion time with special reference to detecting the emo- 
tion present during false reports. He found the I/E 
(inspiration-expiration) ratio approaching unity after 
a false response and preceding a true response. Feleky 
(27) conducted experiments to show the influence of 
emotion upon respiration. These two studies were 
preceded by the work of Foster and Gamble (30), 
which was concerned with the effect of music on thora- 
cic breathing. Accurate records of breathing as they 
are now obtained were not, however, used in this latter 
study. 

Certain othcr^physiological changes were measured 
in connection with studies of emotion in the period be- 
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ing discussed. Cannon’s (17) work on endocrinology 
led to the measurement of body fluids as indicative of 
emotional reaction. It was found that “emotional ten- 
sion” produced an increase in blood sugar. Cannon 
and Mendenhall (18) found also that in pain and emo- 
tional excitement the coagulability of the blood is in- 
creased. Many investigations were concerned with 
the excretion of nitrogen during excitement, during 
pain, or in extreme nervousness. Among the earlier of 
these studies was that of Benedict (5). 

The effect of emotional stimuli upon the alimentary 
system also received attention. In some experimental 
studies Cannon (16) showed that some emotional states 
influenced the function of the alimentary canal, some 
emotional states aiding digestion, and others hindering 
digestion. Pavlov’s work on the digestive glands is 
well known. Apparently there was no work in this 
period on the hydrogen ion concentration of saliva in 
varying emotional situations. 

With the entrance of the United States into the 
World War, a large amount of work was done in meas- 
uring emotional reactions. Much of this was at- 
tempted with reference to selecting aviators. Hen- 
mon (32) discusses some of these techniques as tests of 
aptitude for flying. Marston (cf. 61), collaborating 
with Burtt and Troland, made a study of breathing and 
blood pressure, along with other measures, as symp- 
toms of deception, with a view to military use. 

Much of this work led to the devising of new ap- 
paratus and new techniques for measuring physiologi- 
cal changes (6S). Many of the cardiac and respira- 
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tory changes were measured during changes in oxygen 
tension, during exposures to low oxygen, etc. (48; cf. 
also 56-58) , Blood counts were also taken during these 
conditions. Dockeray and Isaacs (25) discussed the 
psychological research in aviation in Italy, France, 
England, and in the A. E. F. Emotional reactions 
in most instances were studied by recording changes 
in circulation, respiration, and tremor of the hand, and 
changes in blood pressure — systolic, diastolic, and pulse 
pressure. 

From the close of the War to the present time, there 
has been wide interest in the measurement of emotional 
reactions. Many persons engaged in research during 
the War continued that research, and many others, 
stimulated by the results obtained in the military inves- 
tigations, became interested. There seems to have been 
renewed interest manifested in “expressive method,” 
much of which was due to the military research, and 
much probably due to the interest Miinsterberg and 
others developed by suggesting that the physiological 
measures be applied to testing the veracity of witnesses. 
Dean Wigmore's attack, based upon the recency of dis- 
covery of the tecimiques suggested, seems also to have 
stimulated interest, both on the part of the legal pro- 
fession and the psychologists. 

Investigations involving the psychogalvanic reflex 
or galvanic skin reflex are not directly germane to our 
problem, so they will not be discusssed in detail. Many 
recent Investigators have used these measurements in 
studying emotions. Cattell (19) has a resume of the 
work done on the psychogalvanic reflex. An Inclusive 
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review of the electrical phenomena of the skin is pre- 
sented by Landis and DeWick (39). 

Among the experimental studies of blood pressure or 
of blood pressure and respiration, the first and most 
complete is that of Burtt (14)3 The average I/E for 
the three to five breaths following the subject’s answer 
was subtracted from the average I/E for the three to 
five breaths between the experimenter’s question and 
the subject’s reply. Systolic blood-pressure readings 
were taken at intervals. The diagnostic value of blood 
pressure in detectingdeception was found to be superior 
to that of breathing. In one series, systolic blood pres- 
sure indicated correctly the guilt in 91% of the cases 
as compared with 73% for the breathing. Larson 
(43) used continuous records of respiration and blood 
pressure. In some earlier work he included reaction- 
time, but found in later work that irregularities in 
breathing and variation in blood pressure® were the 
most reliable measures. Larson’s main contribution 
was the development of a graphic technique showing 
continuous records of respiration and blood pressure. 
He also carried the experiments formerly involving 
artificial guilt to actual situations in which the suspect 
had been charged with murder, burglary, or larceny, 
and to hundreds of cases of juvenile delinquency. He 
was able to verify, by confessions, the correctness of 
findings based on conclusions derived from breathing 
and blood-pressure records of 528 out of 861 juvenile 
delinquents tested (44-46). 

^For tedinlque of obtaining 1/E ratios cf. Burtt {13, 15). 
combination measure of systolic and diastolic blood pressure is 
used with a technique similar to ours {infra) . 
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Landis and Gullette (40), using Burtt’s technique, 
found that certain emotional reactions could be meas- 
ured in terms of breathing and blood-pressure changes, 
but it was impossible to distinguish characteristic 
blood-pressure symptoms for different emotions. Sur- 
prise is an exception, there being concomitant with 
this a sharp rise immediately followed by a fall. The 
different emotions, however, were classified by intro- 
spective report. Landis and Wiley (41), again using 
Burtt’s technique and applying it to the testing of 
deception, did not confirm the earlier work of Burtt. 
They found breathing, e.g., I/E ratio, slightly superior 
to blood pressure in determining false reports, but in 
only slightly more than 60% of the cases, 

Skaggs (62), presenting an electric shock, reports a 
characteristic inspiratory movement, after which 
breathing is accelerated and the heart rate is lowered. 
He also found the variations of breathing and pulse 
rate in the anticipation of the shock practically the 
same as those of experiencing the shock. 

Blatz (8), studying the sudden shock produced by 
tipping the subject’s chair over backward, found that 
an immediate acceleration followed by a marked re- 
tardation in heart rate occurred, then a prolonged ac- 
celeration followed by a gradual retardation. He 
found that there was a sudden inspiration following 
the stimulus, and a consequent retardation of respira- 
tion rate. Anticipation of the stimulus caused the same 
pulse effect as in actual occurrence. 

Landis (37), using as variables blood pressure, 
metabolic rate, thoracic and abdominal breathing, and 
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rectal and gastric contractions, made a study of a severe 
emotional reaction. No clear-cut and general results 
were obtained. For instance, the stimulus caused 
stomach contractions in one subject and checked them 
in another. This experiment was most carefully con- 
ducted and involved elaborate controls. 

The more recent studies involving blood pressure, 
breathing, and pulse rate are those of Klemm (34), 
using Benussi’s I/E ratio in testing prisoners on trial. 
Klemm’s records do not contradict Benussi’s, but ap- 
pear in many instances as very ambiguous, Chappell 
(20), using blood pressure, was able to differentiate 
truth and falsehood with 87% accuracy. Blood-pres- 
sure changes in other experimental situations led to the 
conclusions that a rise in deception is due to excitement 
and that there is no characteristic curve for blood pres- 
sure in deception. Grollman (31) reported that in 
cases of mild disturbance, such as resentment, the car- 
diac output showed an increment of one-tenth liter, and 
in cases of extreme disturbance (anger) the increment 
was nine-tenths liter. Similar increments were ob- 
served in pulse and blood pressure, but oxygen con- 
sumption showed only a slight increase. 

Basal metabolism, blood counts, gastro-intestinal 
activity, hydrogen ion concentration in saliva, vibrato 
in speech, reactions of facial muscles, and other meas- 
ures have been used as variables in studies of emotion. 
X-ray and fluoroscopic studies of heart action have al- 
so been suggested, Landis (36) found a quick rise in 
metabolic rate during anticipation of severe pain and a 
very rapid fall during the pain, but the results are not 
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well defined. Ziegler and Levine (66) have shown 
that emotional reactions affect basal metabolism. 
Segal (59) and his co-workers have observed the pos- 
sibility of a “dangerous emotional metabolism rise” in 
the case of patients with toxic goiter who were not 
treated with iodine.* In a later study Segal (61) 
found no constant relation between basal metabolic 
rate, blood pressure, and pulse rate in individuals who 
were thinking of an impending operation. Totten 
(64) found no evidence of change in amount of oxygen 
consumed in situations in which a variety of emotional 
stimuli were used. 

Dumas (24) has a comprehensive discussion of the 
vascular, glandular, and muscular reactions to emo- 
tional situations of a powerful and sudden nature. 
Analyses of blood have been made in similar studies. 
Using cats as subjects, Izquicrdo and Cannon (33) 
have observed a marked increase in the red-corpuscle 
count during emotional excitement. Britton (12), al- 
so working with cats, showed that in excitement the 
blood-sugar level is increased. Bowman and Kasanin 
(9) point out that there is contradictory evidence re- 
garding the effect of emotional states on the sugar con- 
tent of the blood, They compare data from psychotic 
patients with data from persons clinically normal to 
show essentially the same distribution curves of sugar 
content, which is also contradictory. Benharnou and 
others (6) show definitely that there is abrupt splenic 
contraction in n normal individual under the influence 


on icspiiatory nnoticnt nnd mecaholft rate is found 
in .in article by Ricliardson (5+). 
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of emotion. Co-variant with this is an immediate poly- 
globism, which seems to be closely related to the con- 
traction of the spleen. One might infer a change in 
sugar content of the blood, since the spleen is most 
sensitive to adrenalin. Further unpublished work has 
been done on' blood analysis by G, J. Rich, especially 
measurements of alkali reserve. 

Measurements of the hydrogen ion concentration of 
saliva were obtained by Starr (63) . A co-variation of 
pH and emotional excitability was shown. Rich (53) 
reports a definite though low negative correlation be- 
tween emotional excitability and bodily acidity. Re- 
sults obtained in the use of a ketogenic diet with 
epileptics were taken as further substantiation. The 
tests showed a positive correlation between the pH of 
saliva and the emotion — excitability of the individual. 
Saunders (55) had previously shown that fluctuations 
in the pH of saliva in epileptic patients are much 
greater than fluctuations in the salivary pH in normal 
persons. 

Comprehensive discussions of the contemporary ex- 
perimental work concerning the expression of emotions 
are found in the second edition of Cannon’s (17) book, 
and in an article by Landis (38). 

Of all of the physiological measures which have been 
used in the past — heart rate, blood volume, blood 
pressure, pulse pressure, blood analysis, including de- 
terminations of blood sugar, creatin and creatinin, 
alkali reserve, red- and white-corpuscle counts ; urine 
analysis for nitrogen, bladder movements; measure- 
ments of respiration, including rate, volume, I/E 
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ratios, and amounts of inspired oxygen, expired carbon 
dioxide, and basal metabolism; the galvanic skin re- 
flex and bodily resistance; arm, leg, and head move- 
ments, postural changes, nystagmus; determinations of 
the hydrogen ion concentration of saliva, and measure- 
ments of stomach contractions— we have selected those 
for use in this investigation which have seemed to be 
most promising, judging from past results. We should 
like to have included blood analysis, but the mechani- 
cal difficulties presented by the large number of sub- 
jects together with a feeling of hesitancy about taking 
one cubic centimeter of blood from an individual ten 
or twelve times prevented this. Our preliminary 
studies and the results obtained in previous investiga- 
tions by others Jed to the selection of the following for 
variables in this study: 

1. Continuous breathing records from which rate, 
amplitude, and I/E ratios may be obtained, 

2. Continuous records of blood-pressure changes, 
which may be read in terms of rises and drops, and 
heart rate, 

3. Continuous records of movements of the right 
arm, and, 

4. Measurements of the hydrogen ion concentra- 
tion of saliva samples taken at intervals. 



II 

APPARATUS AND METHOD 
A. Recording 

Records of physiological changes and times of ap- 
plication of stimuli were made on a modified Ohio 
State Polygraph (52). Samples from typical records 
appear on page 230. A complete description and 
analysis of polygraph records appears below in Section 
G. The paper was driven by a constant-speed motor 
at the rate of 14 centimeters per minute. The distance 
between deflections on the time line operated by a 1- 
second pendulum offered a ready check on the constan- 
cy of paper speed. Pens were all of the Inkograph 
type except those used for the breathing and blood- 
pressure records — these latter were small capillary 
pens attached to tambours by means of aluminum 
strips. The essential features of the polygraph may 
be seen in Figure 1 B. 

The transverse alignment of the pens making the 
breathing and blood-pressure records was approxi- 
mately 4 centimeters to the left (in front in regard to 
time) of the transverse alignment of the other pens. 
This was necessary because the total excursion of all 
of the pens used was in excess of the width of the 
paper, viz., 8 inches, and also because the capillary 
pens were dropped perpendicularly from the tam- 
bours, which were too large to be mounted in the 
bridge supporting the other pens. Thus the eight pens 
in the bridge recorded coincidentally, but the time of 

[ 196 ] 
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the capilhuy pens was ahead nf thai of the other pens. 
By list- itf ii TL-j'ii hil ly shaped templates, in reading the 
records comparisons could he made of reactions occur- 
ring simultaneously (cf. infni. Section (J). 

Photographs of the apparatus appear on the imme- 
diately folhiwing pages. 'I’liese have heen placerl to- 
gether to facilitate reference to them. In the following 
short ilescriptioii, ail rcference.s to right and left will 
be to the reader’.s right and left. A more complete de- 
scription of some of the photographs will appear in 
the section in which the apparatu.s pictured is dis- 
cusscil. |•‘igure I A slutws almost the entirety of the 
e.x'perimeiiial room. 'I'he projection machine for 
moving-picture (11ms is seen in the left hackground, 
with the subject’s chair to its right. 'I'o the right of 
this is the polygraph table, ami in front of tliis is the 
table used foi- acctunmodating the materials used in 
obtaining .saliva samples. P in l''igure I shows a sub- 
ject scvxled in the chair, with right arm in the plan- 
chette, thoracic pneumograph and hlood-prcssure 
sleeve attached. 'Phe manometer is on the edge of the 
table to the right of the chair, and the top of the pres- 
svire-reilucing device is to the right of this. I'igure 
2 A shows a close-up of the manometer and pressure 
reducer, and syringes ami sample hollies. H, I’igure 
2, shows the calomel half-cell iiseit in the electrometric 
titrations. M’hc sample bottle, whicli served also as 
electrode vessel, is seen slipped up around the pJati- 
luim-wire electrode ami glass tubing. Phe wiie con- 
ticctiuiis lu righl and lell lead |u the polcotioiiieier. 
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B. Respiration 

The ordinary type Sumner pneumograph, a rubber 
tube with a spiral spring inside, was used. In 
the preliminary studies both abdominal and thora- 
cic breathing were recorded. A very uniform record 
of abdominal breathing was presented by every subject 
so it was eliminated in the experimental records. The 
curve for abdominal breathing was practically a 
straight line with most infrequent deviations. A 
probable explanation of this is the fact that all subjects 
were instructed to sit well back in the chair and to 
maintain an erect position, thus greatly minimizing 
the excursion of the abdominal wall in breathing. 

The pneumograph was always fastened approximate- 
ly in the same position — the rubber tube passing across 
the sterno-costal angle anteriorly and the chain passing 
just below the inferior margins of the scapulae pos- 
teriorly, with the tension about the same each time. 
The subject was asked to remember just how the pneu- 
mograph felt and to instruct the experimenter in plac- 
ing it subsequently. A T-tube with clamp was 
inserted in the pneumatic line between the pneumo- 
graph and tambour for adjustments. The open end 
was clamped off in each instance so that at the end of 
the expiratory phase the rubber dam on the tambour 
was almost completely collapsed. This tended to ren- 
der breathing curves comparable. All pneumatic 
connections were made with glass tubing of S-milli- 
meter inside diameter. New rubber dams from a 
fresh stock of thin dental dam were stretched uniform- 
ly on the tambours three times per week. Each subject 
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wore the pneumograph for two half-hour periods be- 
fore the experimental series was begun so that some 
adaptation might take place. In order further to in- 
sure comfort the plates of the pneumograph were 
placed ' over the mid-axillafy line on each side. A 
wicker chair with recessed back was used so that the 
chain was not pressed against the subject’s back. Full 
excursion of the chest wall was facilitated by the posi- 
tion of the subject’s arms— the fight arm slightly ex- 
tended from the body in order that it might rest in the 
plauchette, and the left arm slightly extended to rest 
on the chair arm. Adaptation to the pneumograph was 
rapid, and, since each subject served from 10 to 25 
experimental periods, the hampering effect of the 
pneumograph was almost negligible in the principal 
series. A full breath at the beginning of each experi- 
mental period indicated the maximum excursion on the 
polygraph record. 

C. Bloqd Pressure and Heart Rate 

Continuous blood-pressure records were made pos- 
sible by a device which permitted the obtaining of 
blood-pressure changes with a very small amount of 
pressure in the sleeve worn on the arm. This pressure 
reducer was built after suggestions by Edwards (26), 
with considerable modification and alteration. 

It is shown in Figure 2 A. It consists of two air cham- 
bers separated by a rubber diaphragm over which 
metal discs with different-sized holes may be placed. 
The purpose of the discs is to adjust the pressure in the 
two chambers so that the critical pressure of the 
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air in the low-pressure chamber, which is the upper 
chamber, is just approached. If we think of the sec- 
ond-degree curve showing critical pressure in a gas, 
with volume on the ordinate and pressure on the ab- 
scissa, the critical pressure of the gas is the higher 
inflection point Thus, if the pressure and volume 
relationships in the two air chambers are properly ad- 
justed (this is done by means of the discs which allow 
definite areas of the rubber dam to be distended) a 
small change in one air chamber produces a larger 
change in the other air chamber, A correspondingly 
small change in pressure in the high-pressure chamber 
will cause a correspondingly large change in the vol- 
ume of the air in the low-pressure chamber which may 
be transmitted in a closed air system to the tambour 
and thus recorded on the polygraph paper, A pres- 
sure of approximately .32 millimeters of mercury in 
the blood-pressure sleeve was sufficient to give a blood- 
pressure record in which rather small changes were 
readily discernible on the polygraph record. The 
high-pressure chamber was connected to a T-tube; one 
arm of the T being connected to the manometer and 
the other arm to the blood-pressure sleeve on the arm 
of the subject. 

With this very small pressure of 32 millimeters in 
the sleeve subjects could wear it in experimental 
periods of one hour without discomfort. In the pre- 
liminary studies, three subjects served for periods vary- 
ing from two to two and one-half hours and reported 
no discomfort from the pressure on the arm, Some 
records in the preliminary studies were made with the 
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sleeve fastened on the left leg, just below the knee, but 
for various reasons the sleeve was fastened on the left 
arm in the main experimental series, Rubber dam in 
the pressure reducer was changed three times per week, 
and each piece was put on in approximately the same 
way and stretched with the same degree of tension. 

An improved type desk model of the B-D physician’s 
manometer was used. This seemed to serve best; and 
it is also carefully checked by the manufacturers at 
various pressures. A standard sleeve was used — 
cloth-covered rubber bag, with a small rubber bulb 
with appropriate valves for inflation and deflation of 
the sleeve. The sleeve was put on next to the skin of 
the left arm just above the elbow, and inflated to about 
50-millimeters pressure because a clearer heart-rate 
record was obtainable at this pressure. Pressure was 
then reduced to 32 millimeters, with an increase at 
intervals for the reason mentioned above. A careful 
attempt was made to discover any pathological condi- 
tions in heart action or respiration by questioning the 
subjects regarding medical history and by physical 
examination. Actual systolic and diastolic blood- 
pressure readings were also made at intervals through- 
out the time during which the subjects served. Heart 
rate was also counted occasionally as a check on the 
polygraph record of that reaction. In this way any 
pathological defect previously reported could proba- 
bly be substantiated. It was planned to have a physi- 
cian check any pathological defects which showed up 
in our records, but no such instances appeared, with a 
few minor exceptions. 
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The records, then, showed rises and drops in blood 
pressure, some function of systolic and diastolic pres- 
sure/ and heart rate by the recording of separate pul- 
sations in the record. Persons with correspondingly 
high pulse pressure enabled the experimenter to get 
continuous records of heart rate, but those individuals 
with rather low pulse pressure afforded heart-rate rec- 
ords only when the pressure in the sleeve was increased 
to something above VI millimeters. At this pressure, 
the amplitude of the deflections depicting pulse rate 
was perceptibly increased. 

Analysis of the records was comparable in each in- 
stance because of the standard pressure in the sleeve 
and the attempt to standardize the conditions of elas- 
ticity in the rubber diaphragms used in the pressure 
reducer and tambours. All pneumatic pressures were 
transmitted through glass tubing to avoid distention of 
walls in rubber tubing, 

D. Arm Movements 

Arm movements were recorded from a planchette 
suspended from the ceiling. Stop-blocks made it pos- 
sible to adjust the surface to accommodate the width of 
the subject’s right forearm, and also to keep the arm 
stationary in relation to the planchette. The arm was 
placed palm downward, with support the full length 
from the elbow to the fingers. The 8-foot length of 
the suspending wire greatly minimized vertical move- 

/Larson intcrprctccl his records as roughly two-thirds of systolic 
divided by one-third of diastolic. He used about 40- or SO-milli- 
meters pressure in the sleeve. 
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merit due to the arc. The level of the planchette was 
the normal level of the arm of the chair. Each subject 
was instructed to place his arm on the wooden platform 
as if it were the arm of the chair, and let it assume a 
normal position. A standardization of position for 
each subject was attempted from the pre-experimental 
notes. Since the sitting posture was the same and trunk 
height and arm length determine to a great extent arm 
posture, this standardization was effective. 

At the beginning of each experimental series, the 
first thing the subject did after sitting down was to put 
his arm on the planchette. Then the pneumograph 
was put on, likewise the blood-pressure sleeve, the 
polygraph was started, a saliva sample taken, and vari- 
ous other adjustments made. Total time for the above 
varied from 4 to 10 minutes. Finally the planchette 
was attached to the polygraph pens. In this way a 
more natural arm posture was assumed, and, because 
of the lapse of time and the direction of attention to 
other things, we infer that the posture was fixed con- 
sciously by the subject in very few instances. 

Silk thread, which was rather easily broken, con- 
nected the planchette with mechanically operated poly- 
graph pens. This fine thread served as a safety valve 
— it broke with violent movements before injury was 
done to the polygraph. Thread was conveyed around 
corners by means of wire angles, which offered a neg- 
ligible amount of friction as compared with pulleys. 
These angles were pivoted at the apex at points of di- 
rectional change, and excursions within the limits of 
the throw of pens were transmitted undiminished and 
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unaltered. The angles were actually isoseles right 
triangles made of No. 14 copper wire, hinged by means 
of a brass bearing at the right angle. Two of these 
angles may be seen mounted on the polygraph table in 
Figure 1 B. The pathway of the thread, one for prox- 
imal and distal movements and one for right and left 
movements, may be traced in Figure 1 B. Four angles 
occur in each path. 

When the planchette was attached to the pens, each 
pen was set at the center of its throw (total excursion 
\y% inches) so that movements were recorded as devi- 
ating from a normal “rest” posture. Deviations of 
two sorts were ascertained from the records, viz., devi- 
ations from the base line of the arm-movement line, 
and total excursions from another base line indepen- 
dent of the first base line, (Cf. infra, Section G. 
“Analysis.”) Mechanical pens recording arm move- 
ment were counterbalanced with spiral springs of light 
tension, so that from the center of throw all shifts in 
arm posture were recorded — movements of 1 milli- 
meter showing plainly on the records. Both slight and 
violent movements were recorded, and comparatively 
few occurred which were in excess of the pen excur- 
sion. The device resolved all motions of the arm in 
the horizontal plane into two components, and the 
magnitude of the excursion of the line on the tape was 
identical with the actual excursion of the arm. 

E. Hydrogen Ion Concentration of Saliva 

From the preliminary studies and considerations, 
and from the previous results obtained by analysis of 
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various body fluids, salivary pH was selected as the 
most profitable of such fluids for this investigatioa. 
Samples of saliva are readily available, and taking 
them causes no discomfort to the subject, as does the 
taking of blood samples, for instance. Adequate 
means were developed for most accurately determining 
the hydrogen ion concentration of very small samples 
of saliva.® The big difficulty encountered but over- 
come in the preliminary studies was that of obtaining 
and preserving the sample. 

For the purpose of obtaining the samples we used 
ordinary hypodermic syringes. A 5-cubic-centimeter 
syringe made of pyrex glass, equipped with a 20-gauge 
silver needle 2 inches in length was used. Points on 
the needles were ground off and rounded. This syringe 
could then be inserted into the subject’s mouth and the 
saliva sample taken from the same place each time, 
without causing the subject to part his lips or turn his 
head. Preliminary trials were run so that the obtain- 
ing of a saliva sample became a routine matter and the 
distraction greatly minimized. Syringes and needles 
were sterilized by boiling for 5 minutes in a very high 
grade of distilled water (cf. infra) to avoid any chemi- 
cal contamination. Allowing saliva samples to re- 
main in the syringe for a time and then checking small 
portions of the sample indicated that the hydrogen ion 
concentration was not altered by contact with the 
syringe or needle, and that the method of sterilization 

“Acknowledgment is made to Professor G. M. McClure of the 
Soils Department, Ohio State University, for aid and advice con- 
cerning the determination of hydrogen ion concentrations of saliva 
samples and for use of equipment. 
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also did not influence subsequent samples. No chemi- 
cal agents were used in sterilization. Solutions of 
known pH were also drawn into syringes and checked. 
No significant changes occurred. Reliability of the 
method of preserving samples was also checked and 
found to be highly satisfactory. 

The syringes overcame any difficulty presented by an 
object in the mouth, such as a saliometer or tube, and 
also prevented contact of saliva sample with the air. 
This latter difficulty is quite pronounced in the use of 
a loop or similar device, which causes relatively large 
changes in pH when the sample is passed through air. 

The next problem was that of preserving the samples 
until pH determinations were run. It was, of course, 
necessary to transfer these samples to some kind of an 
electrode vessel before potentiometric titrations could 
be carried out, and also necessary to have some con- 
tainer for the large number of samples taken during an 
experimental period. In some periods lasting 45. 
minutes, as many as twenty samples were collected and 
these, of course, had to be measured at a later time. A 
special sample bottle was developed with the aid of 
Professor McClure. It was desirable to use the sam- 
ple bottle also as an electrode vessel to obviate the 
necessity of transferring the saliva from a sample bot- 
tle to an electrode vessel and thus have the saliva come 
in contact with air. Several types were made up for 
preliminary study. Pyrex glass was, of course, neces- 
sary to avoid the alkalinizing effect of ordinary glass 
on liquids. Several sizes were tried, and the bottles 
1 inch in height, slightly under 5/16 of an inch in inside 
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diameter, with a round bottom, were selected. For 
a cover, rubber caps, marketed commercially as "Rub- 
ber Policemen” were used. Ground-glass stoppers 
were fitted to some of the first sample bottles, but the 
rubber caps preserved samples just as well, and the 
necessity for keeping two or three hundred bottle-and- 
stopper combinations intact was obviated. The size of 
the bottle was determined largely by the size of the 
electrode and bridge which dipped into it when used 
as an electrode vessel, and by the facility with which 
the bottle could be cleaned and made ready for further 
use. 

Samples were identified by being placed in num- 
bered holes in a drilled-board rack. Sample bottles 
were kept, cleaned and dried, in a large glass-stoppered 
bottle, and the caps kept in a similar way, so that, as 
the syringe containing the saliva was taken from the 
subject’s mouth, a sample bottle was taken from the 
clean supply, the needle placed in the bottle, the sam- 
ple expelled by pushing the plunger down, and the 
cap put on immediately. Exposure of the saliva to 
air was only momentary. 

Specially treated triple-distilled water was used to 
clean sample bottles, caps, and syringes. The triple- 
distilled water was put into a paraffin-lined pyrex 
flask, and a suction pump forced air through which 
was drawn over soda lime. The same flask, equipped 
with a soda-lime tube served as a storage flask. Fresh 
supplies were treated three times per week, 

After taking each saliva sample, the syringe and 
needle were rinsed three times by drawing in and ex- 
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pelling 2 cubic centimeters of the treated distilled 
water. Sample bottles and caps were rinsed several 
times in the same kind of water, boiled for IS minutes, 
then rinsed individually and dried. 

For the pH determinations, a modification of Biil- 
man’s (21) quinhydrone® electrode was used. This 
was selected as being most convenient and readily usa- 
ble with samples as small as two drops of saliva. The 
quinhydrone half-cell has been standardized by Biil- 
man and adopted by a very large number of investi- 
gators in this country as a most excellent device for 
determining hydriom activity. 

The electrode used in this study was platinum. The 
saliva was saturated with quinhydrone. To complete 
the cell, the quinhydrone half-cell was put in liquid 
junction with a calomel half-cell. The electrode quin- 
hydrone half-cell (sample bottle) and calomel half- 
cell are shown in Figure 2 B. The formula for 
quinhydrone electrode observed potential appears on 
page 40S in Clark (21), The potentiometer used was 
the Leeds and Northrup, Type K. A complete de- 
scription with wiring diagram appears in Leeds and 
Northrup Bulletin No, 7S5. A galvanometer manu- 
factured by the same company as No, 2420 was used. 
A Weston Standard Cell served to balance the gal- 
vanometer, and 2^ -volt dry-cells were used for cur- 
rent source, A double-pole double-throw switch was 
inserted in the “E.M.F.” line to the galvanometer, 
from the electrode and calomel cell, so that polarity 

•’Quinhydrone is a complex formed of cquimokcular proportions 
of quinonc and hydroquinone. 
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could be reversed to accommodate for the reversal 
above 7.68 pH without actually changing connections 
at the potentiometer binding posts. 

The technique of potentiometric titrations is thor- 
oughly explained by Kolthoff and Furman (35). A 
table was made up for use in determining pH values 
from observed voltages. An easily added or subtracted 
temperature factor made the table quite valuable and 
very easy to use. 

At the beginning of each period during which the 
hydrogen ion concentration of saliva samples was 
measured the platinum electrode was thoroughly 
cleaned in boiling potassium bichromate and concen- 
trated sulphuric acid solution, rinsed in distilled and 
triple-distilled water, and finally heated to redness in 
an alcohol flame. Tube and electrode were placed so 
that the sample bottle could be slipped up around, 
them. The sample bottles adhered because of capil- 
larity. The electrode and tube were rinsed between 
each measurement, and the galvanometer was balanced 
with the standard cell before each reading. Between 
determinations of each group of five samples, readings 
were made on a carefully prepared 1/20 normal potas- 
sium acid phthalate solution. Thus a convenient and 
frequent check of the potentiometer and electrode sys- 
tem was obtained. 

The minimum amount of quinhydrone was deter- 
mined in the preliminary studies, but an excess was not 
critical. Potentiometer readings were obtained in 
slightly less than 2 minutes after the cap was removed 
from the sample bottle and the quinhydrone intro- 
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duced. After the determinations, the appropriate 
values of pH were written in, at the point indicated 
by the signal mark, on the polygraph records. 

F. The Stimuli and Stimulus Situations 

During the experimental periods, the doors and win- 
dow in the 19 x 10 experimental room were kept 
closed, The room was situated so that corridor noises 
were minimal. For most of the experimental periods, 
the daylight entering the window was the only light 
source. During the winter, one 100-watt bulb in a 
ground-glass globe placed in the center of the ceiling 
was kept lit. When moving pictures were shown, the 
room was darkened. 

Conditions during experimental periods were fairly 
constant. Most appointments with a given subject 
were at the same time of day so that previous classes, 
work, meals, etc., would be constant. 

After each subject had spent two half-hour periods 
in the chair with apparatus attached as is shown in Fig- 
ure 1 B, and had become accustomed to having saliva 
samples taken, the next few experimental periods were 
used to obtain normal rest records. The number of 
these rest periods averaged eight for each person. The 
periods themselves lasted from 30 minutes to 1 hour. 
(Two-hour records were obtained in the preliminary 
studies.) The experimenter stayed in the room at all 
times and obtained saliva samples at intervals. Of 
course, the first and last part of every record, even 
those obtained in periods in which special stimuli were 
used, were actually a type of rest record, since the sub- 
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ject always sat quietly at the beginning and at the end 
of each period. 

The experimental periods in which special stimuli 
were used were designated Experiment 1, Experiment 
2, etc., for purposes of handling the records, so they 
will be discussed below under that classification. In 
most cases they were presented in order, following the 
initial rest periods. 

Experiment 1 consisted of having the subject follow 
directions in reading a page of figures. This page 
was an x ITinch sheet with 24 rows of figures, S3 
digits in each row. The subject was instructed to read 
each line from left to right and mentally cross out each 
seven. The sheet was affixed to a holder which was 
put in front of the subject’s chair at the proper time. 
The holder was adjusted to the reading position, since 
the subject could not move his hands to hold it, one of 
his hands being placed on the planchette and the other 
on the chair arm with blood-pressure sleeve attached. 
Arm movements and even gross muscle contractions 
while the position of the arm remained the same were 
avoided. The beginning of reading, midpoint, and 
end were indicated on the polygraph record at a nod 
from the subject. The holder was removed and a 6- 
minute rest period ensued. Then the sheet was re- 
placed, this time the subject being instructed mentally 
to cross out the five’s and encircle the three’s. Begin- 
ning, midpoint, and ending time were transmitted to 
the record tape in the same way. After another 6- 
minute rest period with the holder removed, the sub- 
ject was instructed to add, mentally, the first five digits 
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in each line, telling the experimenter when the mid- 
point and end were reached. This completed Experi- 
ment 1 . 

The purpose of Experiment 1 was to elicit the sub- 
ject’s attention and to obtain a record while he was 
engaged in a form of mental work. We were not con- 
cerned with the accuracy or speed of his performance. 
This was designed also to serve as an intermediate or 
transitory situation from which we could lead into the 
experiments in which stronger stimuli were used, the 
purpose of which was to arouse emotional reactions. 
Some measure of the physiological reactions in a situa- 
tion different from a normal rest period was desired 
before records were made in experiments involving 
fear stimuli, for instance. It should thus be possible 
in the more crucial experiments to separate the results 
due to actual emotions from those caused merely by 
more definite occupation of the attention. 

It should be noted here that in Experiment 1 and in 
Experiment 2 no saliva samples were taken during the 
actual reading of the pages. Samples were taken be- 
fore and after the reading. 

For Experiment 2, a short story, one page in length, 
was affixed to the same holder as was used in Experi- 
ment 1. This was put in reading position and the sub- 
ject told to read it in the same way that he would have 
if he had turned to it in a magazine. The subject read 
straight through the page, and nodded when he was 
one-third and two-thirds of the way through and fin- 
ished reading. Times of beginning and ending and 
the intervening points were recorded on the polygraph 
paper. 



OBJECTIVE MEAStJUEMENT OF EMOTIONAL REACTIONS 215 


A brief synopsis of the story follows : The scene is a 
cabaret, with a middle-aged man offering a girl a string 
of pearls on the condition that she “return.” A sleek- 
haired young man enters the room during this conver- 
sation, and remarks about him are made by the 
principal characters. Finally, after much pleading, 
the girl decides to return, and tells the middle-aged 
man, who is really her father, that he needn’t tempt her 
with the family jewels to persuade her to give up her 
very short career as a cabaret dancer. This story was 
selected for its abrupt and surprising ending. Average 
reading time for this story was slightly under 4 min- 
utes. Subsequent questioning of the subjects showed 
the ending to be a complete surprise in every instance. 

Experiment 2 was designed to afford a rather mild 
emotional excitement, but its especial features were 
abruptness and surprise. Physiological reactions were 
recorded during and after the reading, and the persis- 
tence of changes could, of course, be ascertained. As 
mentioned above, saliva samples were taken before and 
after the story was read. 

Experiment 3 was one of the crucial experiments in 
which fear stimuli were used. A most effective stimu- 
lus was the western bull snake. The snake measured 6 
feet and 4 inches in length. It was presented to the 
subjects, without warning, in the following manner: 
At a prearranged signal an assistant released the snake 
just outside the door of the experimental room. This 
door was in front of and to the left of the subject. The 
snake was pushed in such a way that he crawled out 
into the room about 12 feet in front of the subject’s 



216 


GENETIC PSYCHOLOGY MONOGRAPHS 


chair. The snake was handled somewhat roughly be- 
fore his entrance so that he moved into the room rather 
quickly. During this procedure the experimenter re- 
mained at the rear of the subject’s chair, and came 
around in front only to take saliva samples. After a 
period of about 4 minutes, during which the snake 
usually crawled slowly about on the floor in front of 
the subject, the assistant came into the room to get the 
snake. Ostensibly, the "scare” was to be over at this 
point, Then, as the assistant'^ attempted to catch the 
snake with a stick and a box, an "escape” was staged. 
The assistant excitedly warned the experimenter not to 
let the snake get too close to the subject. In attempting 
to pick up the animal, his tail would be twisted in such 
a way that he would dart forward rapidly and he usual- 
ly approached within a few inches of the subject before 
he was "captured.” After the snake was picked up, it 
was contrived to have his head swing very close to the 
subject’s body, and then the snake was removed. This 
part of Experiment 3 occupied from 4 to 8 minutes. 

It is felt that in this situation any artificiality of a 
"laboratory fear stimulus" was overcome. When the 
snake first appeared, the subject was momentarily 
frightened, but most of them reported subsequently 
that they felt we would prevent any actual harm. But 
this reassurance vanished when the "escape” was 
staged. The subjects felt then that conditions had got 
beyond the experimenter’s control. 

The other stimuli in this experiment were the sound 

’In most instances the assistant was Dr. H. E. Burtt. Most of 
the subjects, after they were told the truth, loudly praised his his- 
trionic ability. 
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of a Klaxon, firing blanks in a 38-caliber revolver, set- 
ting off a flash jvist in front of the subject, and pulling 
ft resin-treated cloth over a string attached to the bot- 
tom of a 4-inch tin can. All of these stimuli were pre- 
sented without warning. The Klaxon was concealed 
behind a radiator to the rear of the subject's chair and 
was operated from a concealed switch. The flash was 
also operated by a concealed switch. This flash was 
produced by shorting 110-volts through a small piece 
of 3-ampere fuse wire, attached to binding posts 
mounted on a small asbestos platform behind a piece 
of plate glass mounted on the edge of the platform 
nearest the subject. This served quite well, giving an 
intense flash, and also avoiding the olfactory stimula- 
tion accompanying a magnesium flash. It was com- 
pletely reset for later use merely by affixing another 
piece of fuse wire. The revolver was fired out of view 
of the subject. Thus all of the stimuli were presented 
in abrupt ways, the time of presentation or the nature 
of the stimulus being completely unknown to the sub- 
ject. The order of presenting the stimuli was varied. 
In many instances the Klaxon was sounded and the gun 
fired both before and after the entrance of the snake. 
Comparisons of the effect of shots before and after the 
presentation of the snake showed an interesting increase 
in response to the later shot (cf. Chapter III infra). 

The polygraph record was appropriately marked by 
the signal pens. Saliva samples were taken at fixed 
times, e.g., before and after the presentation of each 
stimulus, with several taken while the snake was in the 
room, one of them usually just after the '‘escape." 
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Samples were also taken, of course, during the initial 
rest period and after the subject had been told that 
there would be “no more scares today.” 

The other crucial experiments were those in which 
moving pictures were used. A small screen, 4 feet 
square, was mounted on the wall in front of the sub- 
ject’s chair and was about 14 feet distant. The size of 
the projected picture was just within the limits of the 
screen. The screen was placed with the lower edge 
about 3 feet above the floor so that the pictures were 
projected at the eye level of the subjects in sitting 
posture. Thus the subject did not have to change the 
position of the head when viewing pictures and conse- 
quently no change in body posture was necessary. 
Blood-pressure sleeve, planchette, and pneumographs 
were in the same position, with the same muscular 
tension, as they were in other experimental periods. 
Records were obtained with the subject in approxi- 
mately the same position that he was in during the 
other experimental periods. The only changes within 
the room were those occasioned by lowering the win- 
dow shade and the slight noise of the projection ma- 
chine. 

The projection machine occupied a position to the 
right and slightly to the rear of the subject. Its posi- 
tion may be seen in Figure 1 A. A machine of this type 
was necessary since the film used was standard size. 
A telegraph key mounted in parallel with the key used 
as the stimulus signal for marking polygraph records 
was mounted on the projection machine, so that records 
could be marked appropriately during the showing of 
a film. 
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Seven reels were prepared and edited, but the rec- 
ords obtained from only four of them are included in 
the present study. These four reels will be described. 

Experiment 10 involved a news reel made up of vari- 
ous scenes. Total time for projection was 10 minutes. 
It contained in the order named: dog-sled race with 
presentation of cups to winners at finish; Japanese fire 
department field-day exhibition; ice-covered fishing 
vessels returning to port; depiction of stone-block 
cutting in Italian marble quarries; and, finally, a winter 
carnival showing fancy ice skating, with close-ups of 
champions in action. Polygraph records were keyed 
at the beginning and end of the film; saliva samples 
were taken before and after the showing of the film. 

This film was used as the control moving picture. 
No highly exciting scenes were included. It was 
thought that the records of physiological reactions 
during the showing of this film might serve as a basis 
for evaluating reactions when the more exciting films 
were used. Also, the effect of the total situation of 
projecting films, if such an effect occurred, would be 
apparent in the comparisons of normal rest records and 
records obtained in Experiment 10. In succeeding 
experiments in which more crucial moving pictures 
were used, allowance could be made for this normal 
film effect. 

Experiment 10 usually constituted the sitting follow- 
ing Experiment 3 (fear and shock stimuli), although 
occasionally a rest period intervened. Experiments 
11, 14, and 16, to be described presently, then followed 
Experiment 10 in the order listed. 
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Films used in Experiments U, 14, and 16 were made 
up of several shorter sections of film cemented together. 
The total times of projection were: Experiment 11, 8 
minutes and 50 seconds; 14, 5 minutes and 20 seconds; 
and 16, 7 minutes and 30 seconds. 

The film used in Experiment 11 consisted of ex- 
cerpts depicting the following things in the order 
named. A group of young ladies wished to go swim- 
ming but had no appropriate apparel. By using 
“trick” photography, these girls walked behind trees, 
fully clothed, and emerged immediately on the oppo- 
site side in bathing costume or went through other 
transformations. Dancing contests on a beach. Sev- 
eral close-up views of oriental dancing followed. 
There were further silhouette pictures of two girls 
dancing on the beach, with the setting sun in the dis- 
tant sky as the background. Next came a review of 
bathing beauties. Some fifteen individuals passed 
slowly in front of the camera. A child in a police- 
man’s uniform passed in front of the line of bathing 
beauties, looking them over, A portion of a World 
Series baseball game was presented. Views were in- 
cluded of the spectators, a governor pitching the first 
ball, close-ups of pitchers, a prominent baseball hero 
batting and running to first base. Next were crowds 
entering a stadium to witness a heavy-weight boxing 
championship contest, with several views of the con- 
test. Then came a subtitle stating that pictures of the 
actual fight could not be shown because of federal laws. 

The type of stimulation offered by this film was 
varied and the shifting of scenes was rather rapid. The 
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types of emotional stimuli offered might be classified 
roughly in this way: Certainly some sex interest would 
be shown in the bathing beauties by the male subjects. 
The female subjects, of whom there was a considerable 
number of physical education majors, would probably 
appreciate or admire the dancing technique. Subjects 
of both sexes would be surprised at the changes in the 
"trick” photography scenes. A rather beautiful scene 
of a sunset over an ocean beach might arouse an 
aesthetic attitude in subjects of both sexes. (Protocols 
substantiate this.) The child in policeman’s costume 
was "cute” to many subjects. Baseball game and box- 
ing match scenes appealed according to the sports in- 
terests of subjects. When we originally selected 
moving pictures for use as stimuli, it was hoped that 
complete social situations might thus be presented to 
the subjects. Some of the subjects reported after see- 
ing the films that they had "entered” into the situation 
and had felt as they did while actually attending these 
events. This illusion was probably strengthened by 
the fact that some popular idols were characters in 
some of these films. The announcement that no actual 
pictures of the boxing match would be shown served as 
a disappointment to most of the subjects, by their own 
report. This same announcement, however, was a 
"relief” to several women subjects who had no desire 
to witness a boxing match. The film was stopped at 
this point for most of the subjects. A boudoir scene 
followed and was presented to a few mature male sub- 
jects. This last scene afforded an abrupt change in 
emotion from that aroused by the fight just preceding.'* 

sFor this group of subjects, an extra saliva sample was taken, viz., 
before the last scene of the film. 
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The film in Experiment 14 contained these scenes; 
a rather naive and ungainly sailor was approached by 
a South Sea Island girl, with the motif of the scene 
strictly cornedy rather than sex. Then a stage-coach 
hold-up and gun battle with the scene shifting to the 
street of a small frontier town. Men were being shot 
and falling from roofs, out of trees, etc., in rapid suc- 
cession. Flashes were shown of groups firing from 
behind barricades of tables and chairs. The action 
was rapid and violent, a typical “Western Super- 
Thriller,” only worse. It presumably would arouse 
excitement and also reveal the differences in the reac- 
tions of the sexes to this type of situation. Then came 
a cabaret sceen in which a young lady is embarrassed 
by seeing her father in an embarrassing situation. This 
scene was selected to arouse disgust in both male and 
female subjects, with consequent pity for the plight of 
the daughter. The subjects’ reports indicate that this 
situation was reacted to in the manner in •which it was 
intended. This film ended with a rather lengthy scene 
of a popular moving- picture actress dancing before a 
sultan. There is an elaborate setting and technicolor 
photography. As the scene ends, the dancer is borne 
from the throne room on a litter carried by eight shin- 
ing black slaves. There were no repulsive elements in 
this scene for either sex. 

In Experiment 16, the film depicts a beautiful moun- 
tain stream with a canoe drifting leisurely; some back- 
stage views of a vaudeville theatre; an argument 
between two actors; a lengthy embrace; and a series 
of short views of very prominent and popular moving- 
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picture stars in various situations. These last clip- 
pings were selected for the types of facial expression 
portrayed by the popular actors. One was clearly sur- 
prise, another shame, and another appreciation of 
beauty. 

The excerpts included in the films described were 
all taken from current films which have proven suc- 
cessful as theatre attractions. All of them were from 
films which had not been shown to the public in this 
section of the country or were censored “clippings,” 
so that they were new to the persons serving as subjects 
in this study. 

The shifting in scenes was recorded on the poly- 
graph records by a series of coded dots and dashes. 
Saliva samples were taken before the projection of 
films, and following the projection. Ten samples were 
taken during Experiment 11, five before the film was 
shown, and five after the film was shown. Samples were 
not taken during the showing of films, since the experi- 
menter would have to stand in front of the subject and 
thus occlude the view of the screen. 

G. Analysis of the Records 

Reading and analyzing the polygraph records pre- 
sented several problems. Methods of taking meas- 
urements and interpretation of the data were developed 
by some preliminary investigations. Some of the 
points considered were the extent to which various as- 
pects of the functions measured seemed most differen- 
tial and the means of interpreting breathing and 
blood-pressure variations used by previous investiga- 
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tors. It was necessary, of course, to sample the 
records, and the size of the samples to be measured in 
each record was a moot problem. Quite obviously, 
records could not be measured in their entirety, both 
from the standpoint of the time which would be neces- 
sary, and also because such a procedure would give an 
unwieldly mass of data. The final determination of 
the size of the sample was made by measuring several 
samples of different sizes. Such samples were meas- 
ured in normal rest records for six individuals, and on 
the basis of variability shown in the measurements 
made on these records, a 1 -minute sample was found to 
be adequate. An additional reason for selecting a 
sample of this size was the argument for small samples 
proposed by Fisher (28). Fisher and others have 
shown rather conclusively that a closer approach is 
made to the true mean in biological data by taking a 
larger number of small samples than by a smaller num- 
ber of large samples. It was decided thus to use 1- 
minute samples, selected so as to give a random and 
unbiased sampling of the record. 

At the speed at which the polygraph paper moved, 
a 1 -minute interval occupied exactly 14 centimeters. 
Samples were marked off by a celluloid template. 
Alignment was insured by a standard way of superim- 
posing the template. The outline made by this tem- 
plate may be seen in the record shown in Figure 3 A. 

For the analysis of the breathing curve some meas- 
ure was desired which would show the maximum ex- 
cursion of the chest walls in breathing. This was 
obtained from the difference between the highest peak 
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and the lowest trough on the breathing curve, Meas- 
urements were in millimeters from a fixed base line. 
Differences were expressed as actual arithmetic differ- 
ences. 

Breathing rate, or frequency, was the number of 
peaks on the breathing curve within the sample, The 
number of atypical breaths occurring in the sample was 
also noted. These were judged solely by inspection, 
and counted. By observation the typical trend in the 
sample was determined, and any deviation from this in 
terms of amplitude or length or form of the wave was 
designated atypical. (Notation in Figure 3A — ef and 
gh, measurements from fixed base line to B.P. line; i], 
measurement from fixed base line to lateral movement 
line; kl, measurement from fixed base line to longitu- 
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dinal movement line. The heavy outline is made by 
the template. Extensions for the breathing and blood- 
pressure record are due to the fact that the two pens 
in question were set ahead of the others as explained 
above. Other notations are self-explanatory.) 

In order to get a measure of variability in depth of 
breathing, distances from the fixed base line were 
measured in millimeters to each peak in the curve. 
Standard deviations were then to be computed for these 
measurements. 

Inspiration and expiration times were measured for 
the first, third, fifth, tenth, and thirteenth breaths in 
the sample. These were selected to give an adequate 
sampling, since the rate was generally something under 
20 per minute, and also to give an unbiased sampling, 
{It very often happened that the breaths showing the 
greatest variability in the crucial experiments did not 
include the five selected to be measured. Thus varia- 
bility in inspiration-expiration ratios was not strictly 
comparable with that in the other measures of breath- 
ing.) These inspiration and expiration times were 
measured in terms of linear distance to half-milli- 
meters. A perpendicular was constructed from the 
base line through the lowest inflection point on the 
breathing curve at the beginning of the upstroke. An- 
other perpendicular was drawn in the same manner at 
the highest point on the curve. The distance between 
these represented the time of a complete inspiration 
from its beginning to its end. The distance from the 
last-mentioned perpendicular to another placed at the 
point at which the breathing curve again started to 
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rise was the linear equivalent of expiration time. (Fig- 
ure 3 A.) Inspiration-expiration ratios were then de- 
termined for each breath. These live ratios were then 
averaged. 

On the blood-pressure line the maximum rise, as well 
as the maximum drop, in blood pressure was deter- 
mined, These deflections were measured, in terms of 
fiftieths of an inch from a fixed base line — the line made 
by the pen marking response signals. The units of 
measurement were selected so that very small devia- 
tions in blood pressure would be taken into account. 

It was hoped that in this way relatively slower and 
more gradual rises and drops would appear also. 
When these occurred they were apparent in the meas- 
ures designed to show variability, which will be 
described presently. The numerical difference be- 
tween maximum rise and maximum drop was noted. 
This expressed the greatest deviation in blood pressure 
within the sample. The duration of each rise and the 
duration of each drop was measured in terms of linear 
equivalence. In this way sudden rises or drops could 
be classified as distinct from rises occupying a longer 
time. Also, it could be determined whether a stimulus 
which occasioned a rise in the blood pressure of an 
individual would cause this rise to persist for any ap- 
preciable time. The duration of a rise or drop was 
measured from a preceding horizontal section to a fol- 
lowing horizontal section, or to a return to a normal. 
This return to normal was not necessarily the normal 
blood pressure for that individual, but was normal as 
compared with the immediately preceding section of 
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the line. The criterion of “normal” in this instance 
was a level portion at least 6 centimeters in length. 
The number of sharp peaks in the blood-pressure line 
within the sample was also noted. 

To obtain a measure of variability, distances from 
regular points on the fixed base line to the blood-pres- 
sure line were found. Ten of these measurements were 
taken in the sample, at points 1 centimeter apart. The 
first was taken 2J4 centimeters from the beginning of 
the sample and the last one 2^ centimeters from the 
end of the sample, with the perpendicular distance 
from the base line to the blood- pressure line being 
measured at 1-centimeter intervals within these limits. 
Thus, within this portion of the sample, a measurement 
was obtained every 4.3 seconds, Standard deviations 
of these measures could then be computed as expres- 
sions of variability. Heart rate was counted from the 
small deflections on the blood-pressure line caused by 
heart beats. This count was made within a SS-milli- 
meter section at the beginning of a 1-mimite sample. 
This was not always discernible within the 1 -minute 
sample, but might be obtained outside the sample. This 
was due to the fact that the pressure in the sleeve 
had not been increased at a point just preceding the 
sample, so that individuals with a low pulse pressure 
gave no heart-rate record. In situations of this kind, 
heart rate was taken outside the sample if it was avail- 
able within the preceding 30 seconds, i.e., the preceding 
7 centimeters of the record. Otherwise, no heart-rate 
score for this sample was obtained. 

Arm movements were analyzed from several aspects. 
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The longitudinal or proximal and distal movements 
and the lateral or right and left movements were 
treated separately. The frequency of movement was 
obtained by counting the number of changes in direc- 
tion of the line-recording movement. The total time of 
movement was measured in terms of its linear equiva- 
lence. That is, if a section of irregular line appeared 
between two sections in which there were no irregulari- 
ties, this linear distance of the irregular portion gave 
the time during which there was movement. These 
times were cumulated within a given sample to show 
the total time of movement. 

The maximum single excursion occurring in the 
sample was measured from the rest, i.e., the level por- 
tion of the line just preceding the deflection. The 
criterion of “just preceding rest’* was a portion of the 
line 2 centimeters in length in which there were no 
changes of direction. The maximum and minimum 
distances from a fixed base line were also measured, 
The line taken as this base was the response signal line. 
The arithmetic difference between maximum and mini- 
mum distances from this base line expressed the 
variation in movement within the sample. 

The pH readings were written in on the polygraph 
records at the places denoted by the appropriately 
keyed marks (cf. supra. Section E) . These values were 
classified as pre-experimental, experimental, and post- 
experimental in all of the records except those for 
normal rest periods. The linear distances between 
these samples gave the actual time between them. The 
pH values were treated as functions of difference. 
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Samples of sections of polygraph records obtained in 
various experimental periods appear in Figure 3 B. 

As described above, the 1-minute samples from the 
records were selected systematically so as to give an 
unbiased and random sampling. In the rest records 
three samples were taken at regular points in the record 
—one 12 inches from the beginning, another 24 inches 
from the end of the first sample, and the third 12 inches 
from the end of the record. In rest periods of 1-hour 
duration, six samplings were made. Thus the sam- 
plings from all the records were taken at the same 
relative position within the record, so that data ob- 
tained for all subjects were taken from the same posi- 
tion in thp corresponding record. The saliva samples, 
of course, were taken throughout the record, rather 
than within these 1 -minute limits, and were treated as 
observations occurring at their appropriate position. 

In all of the experimental records, polygraph sam- 
ples were taken at the beginning, i.e,, before the pres- 
entation of any stimulus, and at the end, i.e., after all 
stimuli had been presented. In Experiment 2, a sam- 
ple was taken 10 inches before the stimulus signal for 
begining to read, another with the end of the sample 
superimposed on the point corresponding to the end 
of the story, and the last, 12 inches after the end of the 
story. Those taken from records obtained in Experi- 
ment 3 were: one 6 inches before presentation of first 
stimulus, two during the time that the snake was in the 
room, and one 12 inches after the presentation of the 
last stimulus. Quarter-minute samples were taken at 
the firing of the gun and at the sounding of the Klaxon. 
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In Experiment 10» one sample was measured imme- 
diately preceding the showing of the film; the second, 
12 inches from the start of the film; the third, just be- 
fore the end of the film; and the fourth, 6 inches be- 
yond the end of the film. In Experiment II, in addi- 
tion to the two samples, one taken 6 inches before the 
beginning of the film and the other 6 inches past the 
end, three were taken during the time that the film was 
projected. Of these, one was taken for the part of the 
record made while the bathing beauties were being 
shown, the second taken during the dancing, and the 
third laid off so that the end of the sample coincided 
with the end of the moving picture. 

In Experiment 14, in addition to the two samples 
taken at equivalent positions before and after the show- 
ing of the film, one sample was taken during the stage- 
coach hold-up and shooting scene, another during the 
cabaret scene, and another during the oriental dance 
before the sultan. 

In addition to the usual samples taken before and 
after the projection of the film, those taken in Experi- 
ment 16 were one at the entrance of the actor into the 
dressing room, one covering two embraces, and another 
coincident with the end of the film. This sample 
included the scenes in which many prominent actors 
appeared. For a more complete description of the 
stimuli occurring within a given sample, cf. supra Sec- 
tion F. 

H. The Subjects 

All of the persons serving as subjects in this experi- 
ment were university students. Many were recruited 
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from the experimenter’s classes in elementary psycholo- 
gy, others were friends or acquaintances of these above- 
mentioned individuals, some were recruited from other 
classes in psychology, and still others were groups of 
fraternity initiates. Eighty-eight individuals served 
as subjects, in addition to 15 fraternity initiates, but 
since the results presented in this study were compiled 
from records obtained from 30 individuals, only these 
will be discussed. 

Data obtained in the personal history blanks and from 
other sources will be briefly outlined. Fourteen of the 
group were males, 16 females. All reported for ex- 
perimental sittings during the winter and spring quar- 
ters of the year 1929-1930, and 6 of them came also in 
the autumn quarter. (These latter gave approximate- 
ly 3 hours per week for 38 weeks. This offering of 
time on the part of undergraduates was most sincerely 
appreciated.) Average age was 19.4 years, with range 
from 18 to 25. Academic maturity varied from first- 
quarter freshmen through graduates in their eighth 
year. Fourteen were in the second year. Eleven 
were employed in addition to their work in college. 
Times of arising, with special reference to the regu- 
larity or irregularity, were noted, as was the most 
frequent social activity. Any “most frequent” activity, 
however, loses significance in its influence since it was 
listed from the standpoint of occurring most frequent- 
ly. For instance, a person attended two dances per 
week, two bridge parties, a reception, and three movies, 
so that the most frequent was, of course, the motion pic- 
ture. Then in the case of another individual, social 
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activities Avere minimal, with one dance per month, 
one club meeting, and two moving pictures— so the 
movie was again most frequent. Literary preferences 
varied widely, as did hobbies. Athletics engaged in 
concurrently with the experimental sittings were noted, 
mainly to ascertain activity engaged in preceding an 
experimental period. The contributory influence of 
such activity upon blood pressure, breathing, or sali- 
vary pH might be considerable. An increased heart 
rate, for instance, might be due to strenuous activity, 
rather than to fear. The number of meals per day with 
estimates of amounts of foods were noted so that the 
influence of digestive functions and preceding meal 
time might be considered, especially as affecting sali- 
vary pH. If the individual smoked, 20 minutes or 
more elapsed between smoking and the first saliva sam- 
ple. Average number of hours of sleep per night, 
and number of nights per month on which retiring was 
later than 1 ;00 A.M. were recorded. University physi- 
cal examination grades were obtained. (The only 
defect was a slight heart murmur in one subject. ) Ad- 
ditional medical data were noted as they were pre- 
sented by current physical exams, etc., and these will 
be referred to as occasion arises. 



RESULTS 


A. Treatment of Data 

Job sheets, filled in from readings of polygraph rec- 
ords, constituted the raw data. Transmuted scores for 
variability in breathing and in blood pressure were 
used in computing standard deviations. Three line 
nomographs were constructed to facilitate the compu- 
tation of standard deviations. Data from these job 
sheets were transferred to “difference sheets.” This 
term is pertinent because the results were analyzed in 
every case from the standpoint of whether there were 
significant differences between reactions of various 
kinds, e.g., the difference between breathing rate dur- 
ing the presentation of a fear stimulus and breathing 
rate during rest, etc. All job sheets covering two rest 
periods, Experiments 2, 3, 10, 14, and 16, were selected 
for each subject. These job sheets included three sec- 
tions from each of the rest records, and three for Ex- 
periment 2, six for Experiment 3, and four each for 
Experiments 10, 1 1,14, and 16. Samplings of records in 
the rest records were those of 1-minute duration meas- 
ured at points 5 minutes after the beginning of the 
record, 3 minutes before the end of the record, and one 
at a position midway between these latter two. The 
job sheets for polygraph samples in Experiment 3 were 
as follows: a 1-minute sample at least 5 minutes after 
the beginning of the record and before the presentation 
of any stimulus; a quarter-minute sample at the time 
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of the first gun shot; a complete sample (i.e., 1 min- 
ute) upon the entrance of the snake; a complete sample 
including the snake’s “escape”; and quarter-minute 
samples at the sound of the Klaxon, at the flash, and 
at the second gun shot. Complete record samples were 
taken before, during, and after the short story was read 
in Experiment 2. Polygraph samplings in the experi- 
ments in which motion pictures were used (Numbers 
10, 11, 14, and 16) were taken in the following man- 
ner: one before the projection, and three during pro- 
jection. Scenes included in these samples will be 
referred to below when results from these data are dis- 
cussed. Samples were taken in all records at the same 
relative position and at the same times in the experi- 
mental .sittings so that direct comparisons validly could 
be made. Thus, physiological reactions to the same 
stimuli or stimulus situations could be compared for 
each subject. 

Since data obtained in the difference sheets for all 
rest periods were approximately the same, just one will 
be discussed here as typical. The difference sheet for 
the third rest period in the series for each subject was 
selected. Data obtained when the control movie was 
shown (Experiment 10) were not significajitly differ- 
ent from those obtained in normal rest. This was 
noted in the difference sheets where the scores in actual 
variables, i.e., frequencies, standard deviations, etc., as 
well as difference scores were about the same for each 
subject in both series. Likewise the difference sheets 
for Experiments 11 and 14 were quite similar to those 
for Experiment 16. Consequently, it seemed reason- 
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able from the standpoint of general results to limit the 
discussion to Experiment 16 as typical of the series 
with emotional moving pictures as stimuli. So our 
discussion will be limited to the diflference sheets for 
rest and Experiments 2, 3, and 16. 

Differences between successive scores in each record 
were obtained, e.g,, algebraic difference between rate 
of breathing in record sample 2 and sample 1, sample 
3 and sample 2, sample 3 and sample 1, etc. Differ- 
ences in the analysis of respiration were obtained for 
frequency scores, distance from maximum peak to 
minimum trough, number of atypical breaths, I/E 
ratios, and standard deviations. Differences in 
blood-pressure scores were: between maximum rise and 
maximum drop, durations of rise, durations of drop, 
number of sharp peaks, heart rate, and standard devi- 
ations. For the involuntary movements, differences in 
longitudinal frequencies, lateral frequencies, time of 
longitudinal movement, time of lateral movement, 
longitudinal maximum single excursions, lateral maxi- 
mum single excursions, differences in longitudinal 
movements between maximal excursions in opposite 
directions, and differences in lateral movements be- 
tween maximal excursions in opposite directions were 
obtained, 

Differences in pH between successive saliva samples 
were listed in groups as pre-experimental, experimen- 
tal, and post-experimental. 

General trends characterizing the average subject 
were indicated by algebraic and arithmetic means of 
the differences for all subjects. Differences were aver- 
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aged for all subjects in order to obscure individual 
trends. It was desired to obtain general trends, char- 
acteristic of the average subject. The particular dif- 
ferences are differences in some specific factor. The 
only actual values for individual subjects are those of 
pH, and these are not averaged because the direction of 
change as noted in this experiment is opposite to the 
change as noted in previous investigations. Significance 
of means was determined by the technique suggested 
by Fisher (28, pp, 104 ff.).® Means were tested as 
differing significantly from zero by the following for- 
mulae: 

1 

5(a— .V)® 

“VT"" 

/ = , « = I 

s 

From a table of t for values of « the probability of i 
falling outside the range of 1/ is obtained. Values of p 
were halved (28, p. 105), since chances of exceeding 
the values of t were in terms of direction (positive for 
negative means, negative for positive means) 

The values of t and p for the means of difference 
scores obtained from various differences are presented 
in the following tables — ^Table 1 for rest records, Table 
2 for records from Experiment 2, Table 3 for records 

“Sections on "The significance of the mean of a unique sample” 
and "Significance of the mean of a small sample." 

^“Probability of .01 or less is considered significant. In gross score 
terms, probability of .01 is equal to critical ratio of 2,3263, or p of 
.01 is equal to ratio of difference to probable error of difference of 
3.4. 
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irom Experiment 3, and Table 4 for Experiment 16. 
The column headings indicate the differences treated : 
Fi — under Breathing is the difference in breathing 
rate between sample 2 and sample 1 ; D.R.i — D.R.x un- 
der Blood Pressure is the difference between the dura- 
tion of the rise in blood pressure in sample 4 and the 
duration of the rise in sample 1, etc. For example, in 
Table 2 for the rate of breathing, the second sample 
(Fz) minus the initial rest sample (Fj) gives an alge- 
braic difference (in terms of i) of .902. 

Differences in pH between successive saliva samples 
taken in various experimental periods are given in 
Tables 5, 6, 7, and 8. 

B. Analysis of the Data 

1. Normal Rest Records. In normal rest periods, 
we find significant variability between differences in 
various physiological reactions as obtained in different 
samples. The significant differences are in terms of 
variability as such, disregarding the direction of the 
difference. This is shown in Table 1 by the prepon- 
derance of significance in terms of very small proba- 
bilities when the arithmetic mean is considered. On 
the contrary, when the algebraic mean is used, we find 
the values of p rather large, at least greater than .01, so 
that the direction of the difference is not significant. 
It is to be recalled that small probability in our sense 
indicates high significance. It was noted from the 
difference sheet for rest records that there were 
marked differences, but these were very often in both 
directions, so that the algebraic sum was very small and 
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the arithmetic sum very large. In general, there is 
consistency shown in the directions of differences by 
the same individual. That is, Subject A, for instance, 
shows a decrease in breathing rate when sample 2 is 
compared with sample 1. Similarly, there is a de- 
crease in the frequency of lateral arm movements when 
sample 2 is compared with sample 1. Slightly over 
half of the individuals show this consistency, and the 
rest show no definite trend. 

There is a very small difference in the means of the 
differences in breathing rate, in the differences between 
maximum minus minimum, and in the number of 
atypical breaths. There are marked individual dif- 
ferences and inconsistencies shown in comparison of 
atypical breaths. In general the differences are small, 
but some individuals show enormous differences. For 
instance, in the first rest sample. Subject V had S atypi- 
cal breaths out of 13, in the second sample 15 atypical 
out of 17, and in the third 11 atypical out of 15. We 
may cite Subject CC, for instance, as being more nearly 
typical for the entire group. In the first sample this 
subject had 2 out of 21 breaths atypical; none in the 
second, in which breathing rate was 20 ; and 2 in the 
third, in which breathing rate was 20. It may be 
noted, as shown by the two cases cited above that in- 
consistencies are usually co-variant in a particular type 
of reaction, in this instance breathing. The first sub- 
ject varies slightly more in respect to breathing rate 
than does the second, and considerably more in respect 
to number of atypical breaths. 

Significance for all the differences listed on the dif- 
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ference sheets was not computed in instances in which 
20 or more difference scores were 0, since such a small 
number of the population contributed to these differ- 
ences. Probabilities for means of differences as shown 
by successive saliva samples were obtained for the rest 
data only, since the variability was as great or greater 
in the data from the other experimental periods. 

It is interesting to note that we get only three sig- 
nificant differences in comparisons of standard devia- 
tions of breathing and blood pressure in rest records. 
The differences in I/E ratios are very small, and, when 
considering the significance of the means, just two are 
found significant, 

On the basis of these results, some changes appear 
in the normal rest records just due to natural variability 
under these experimental conditions. This might be 
called a normal variability of the experimental situa- 
tion, In subsequent experiments with emotional 
stimuli differences are to be looked for which are larger 
or more significant or more frequent than those dif- 
ferences occurring in the rest period. So these normal 
rest records, in addition to the initial rest periods in 
the emotional series, are included for comparison. 

2. Records from Experiment 2. In the data from 
Experiment 2, there is a marked increase in the signifi- 
cance of the differences, especially in regard to the di- 
rection of the difference, We find rather consistent 
decreases in breathing rate, for instance, when the sam- 
ple measured during the reading of the story is com- 
pared with that taken in the rest preceding the reading, 
the t being 4.500. The I/E ratio shows a significant 
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drop when that aspect of breathing is compared in the 
reading and rest samples. But when the two rest 
periods are compared, the I/E ratios are approximately 
the same. The standard deviations of breathing are 
substantially greater in rest than they are during read- 
ing. This was to be expected from comparing 
breathing curves on the polygraph records for Experi- 
ment 2. In general, the curves become more regular 
and of less amplitude for reading as compared with 
rest. In many records, the curve for each breath 
during reading was approximately the same as that for 
every other breath during reading. Inspiration time 
is decreased and expiration time is increased, as shown 
by the drop in I/E ratios mentioned above. 

The differences between maximum rise and mini- 
mum drop in blood pressure {D 2 — Di, etc,, in Table 
2) as noted on the difference sheets are very small, with 
these small differences being in both directions. The 
duration of rises is also very short in every instance. 
In addition, none of the difference comparisons be- 
tween duration of rise are significant. The same is 
true for the duration of drops. Out of the three sam- 
ples for the 30 subjects, only six sharp peaks may be 
noted in the blood-pressure curves. There is also only 
a slight change in heart rate. The significance of this 
variability in heart rate is quite impressive, but it 
should be pointed out that the actual differences as 
shown on the difference sheet are very small, being 
differences of — 1 or — 2, or 0. It is interesting, 
though, that 13 differences were negative, 2 positive, 
and 15 were 0. Thus almost half of the individuals 
showed a slight significant decrease in heart rate. 
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Differences in frequency of arm movement are strik- 
ing. Considerably more movement is shown during 
reading than during rest. The differences show no 
consistency in direction, but the variability is greatly 
increased, with variability in lateral movement ap- 
proximately twice as large as variability in longitudi- 
nal movement. The times of movement, single 
excursions, maximum minus minimum differences, and 
other aspects of involuntary movement are so highly 
variable that a composite treatment of these aspects 
for the entire group would be totally meaningless. 
Enormous individual differences in these aspects are 
quite apparent in the difference sheets. 

The differences in pH between successive saliva sam- 
ples are shown in Table 6. The first difference listed 
as post-experimental is the difference between the first 
sample taken immediately after the subject finished 
reading the story and the sample taken just before he 
started to read the story. Since the total reading time 
was small, this difference is comparable in terms of 
elapsed time with any other difference in the table. In 
general, this difference is greater than other differences, 
but there are 21 increases in salivary pH and 9 de- 
creases. 

V/e thus find the outstanding differences in Experi- 
ment 2 in terms of decrease in breathing rate during 
reading with an accompanying drop in I/E ratios; 
standard deviations are also less during reading than 
during rest. Differences in blood pressure are very 
small and no consistency in direction is noted. Very 
consistent small differences in heart rate are noted, with 



OBJECTIVE measurement OF EMOTIONAL REACTIONS 255 


about half of the subjects showing a slight decrease in 
heart rate during reading. Differences in frequency 
of arm movement show a decided increase during read- 
ing. Lateral movements occur about twice as fre- 
quently as do longitudinal movements. Twenty-one 
of the 30 subjects show an increase in pH of saliva after 
reading the story. These increases range from .08 pH 
to 1.21 pH. 

3. Records from Experiment 3. Data from Ex- 
periment 3 analyzed for significance of differences are 
presented in Table 3. As previously noted, polygraph 
sample 1 was taken during rest preceding the presen- 
tation of any stimulus; sample 2 upon the entrance of 
the snalce; sample 3 covering the snake’s “escape”; 
sample 4, a small sample at the first gun shot (preced- 
ing snake’s entrance) ; 5, a sample of the same size at 
the sound of the Klaxon ; and 6, a small sample at the 
second gun shot. 

In regard to breathing rate, about half of the sub- 
jects show a marked decrease in 2 — 1 (sample 2 minus 
sample 1) comparisons, and the other half an equally 
outstanding increase. It was thought at first that there 
might be some consistency in increase or decrease in 
breathing rate due to “gasps of surprise,” etc., but 
none was apparent in this study. The experimenter 
had concluded from observing polygraph records that 
individuals who took more breaths per minute than 
the average during rest would show marked increases 
in breathing rate during the snake’s escape, for in- 
stance, and those who took slightly fewer breaths than 
the average would show a decrease. Such was not the 
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case. Subject C, whose breathing rate during rest was 
22, shows an increase of 5 breaths per minute during 
the snake's escape which was sample 3, and Subject T, 
whose breathing rate was 23 during rest, shows a de- 
crease of 7 breaths per minute in sample 3. Subjects 
J and DD, whose rate during rest was 15 breaths per 
rninute, show an increase of 8 and a decrease of 4, re- 
spectively. 

Comparisons of differences between maximum and 
minimum values in the breathing curve are striking. 
A marked increase in the magnitude of these differ- 
ences is shown in Da — -Di comparisons. For 22 indi- 
viduals there is a very large increase, for 1 a corre- 
spondingly large decrease, and for 7 a correspondingly 
small decrease, A greater increase is shown in the 
samples covering the sound of the Klaxon than in the 
case of either gun shot, with the second gun shot caus- 
ing a greater increase than the first. 

The number of atypical breaths for samples 2 and 
3 is considerably larger than that for sample 1, with 
sample 2 having the largest number. 

There is a marked consistent increase in I/E ratios 
in 2 — 1 comparisons with an increase slightly less in 
magnitude in 3- — 2 comparisons; 3 — 1 comparisons also 
showed an increase. Standard deviations in samples 
2 and 3 are considerably larger than those in sample 1, 
with those in sample 3 consistently less tlian those in 
sample 2. 

In blood-pressure difference comparisons an in- 
crease over those in sample 1 is shown by all other sam- 
ples of the polygraph record. Durations of rise are 
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consistently increased, as are durations of drop. 
Durations of rise are much more frequent than dura- 
tions of drop. Difference scores for D.R.g — D.R.^ are 
markedly greater than those for any other D.R. com- 
parisons, since they occur in a large magnitude in every 
instance. The D.R-a — D.R.s values are fewer but also 
large, and serve to indicate that the rises in blood pres- 
sure are sustained longer during the snake’s escape than 
in any other sample. The drops are less frequent, but 
those which do occur are maintained longer than the 
rises. The number of sharp peaks in the blood-pres- 
sure curve is largest in sample 3. Both the algebraic 
and arithmetic means for the difference columns in 
number-of-sharp-peaks comparisons are highly sig- 
nificant, thus giving great significance to the increase 
in number of sharp peaks. There is an increase in 
heart rate in sample 2 as compared with sample 1 in 
about 8 cases, a decrease in 8, and no difference in 14. 
The variability in blood pressure steadily increased 
through samples 2 and 3. It is also significant that p 
is very low for the standard deviation of each compari- 
son, being greater than .005 in only one algebraic 
comparison (Table 3). 

There is a marked increase in frequency of move- 
ment both longitudinally and laterally in 2 over 1, and 
an equally marked increase of 3 over 2. The frequency 
of lateral movements is greater than the frequency of 
longitudinal movements. Total times of lateral and 
longitudinal movement become significant here, and 
these differences occur for a large proportion of the 
total population. Thus we find all means stable and 
marked increases noted. 
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Differences in pH are shown in Table 7. The out- 
standing feature is the comparatively large decrease in 
salivary pH with the presentation of the snake, with a 
subsequent rise or “return to normal” in the post- 
experimental period. 

The results from Experiment 3 may be briefly sum- 
marized as follows : Two trends in differences between 
breathing rates are noted, namely, that half of the sub- 
jects show a marked increase in breathing rate when 
fear and shock stimuli are presented, and half of the 
subjects show the opposite — a marked decrease in 
breathing rate when the same stimuli are presented. 
The traditional “gasps of surprise” were wholly ab- 
sent, Differences between maximum and minimum 
points on the breathing curve are greater in the samples 
in which fear stimuli were used. Number of atypical 
breaths increases — ^with a greater increase of atypical 
breaths in sample 3 (snake’s escape) relative to sample 
Z (snake entering the experimental room) . The I/E 
ratios likewise increase — those in sample 2 being slight- 
ly greater than those in sample 3. Standard deviations 
of breathing for samples 2 and 3 are considerably 
greater than those for sample 1, with those for 2 some- 
what greater than those for sample 3. 

Most all aspects of blood pressure increase with the 
presentation of fear stimuli. More sustained rises are 
noted than sustained drops. The drops, though oc- 
curring less frequently, are sustained the longer. Vari- 
ability as indicated by standard deviation is increased 
when fear stimuli are presented. In general, slight 
increases in heart rate are as frequent as slight de- 
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creases, but both increase and decrease are less frequent 
than the category of “no difference.” 

The frequency of arm movement is increased. Lat- 
eral frequency is the greater. This is the first experi- 
ment in which total times of movement becomes sig- 
nificant. In the data for rest and for Experiment 2 total 
times of movement were not significant. Here we find 
total time difference scores quite large, and contributed 
to by a very large proportion of the population, 

Consistent and comparatively large drops are noted 
in salivary pH with the presentation of fear stimuli, 
the largest decreases occurring when the snake is pre- 
sented. In the post-experimental period, salivary pH 
increases gradually. 

It becomes evident that there is a rather typical 
physiological pattern with the extreme fear stimuli. 
All of the subjects are characterized by the co-variation 
of some reactions. Thus the typical picture in fear is 
as follows: extremely marked increase or decrease in 
breathing rate, with no gasps or chocs ; apparent trends 
in normal breathing rate drop out; marked increase in 
amplitude of breathing; number of atypical breaths in 
a unit time very large; great increase in I/E ratios; 
rises in blood pressure frequent, lasting relatively long; 
drops less frequent than rises, but longer sustained; 
sharp and abrupt rises in blood pressure; decrease in 
salivary pH ; no immediate pronounced changes in 
heart rate. Arm movements do not enter as part of a 
pattern because they lack consistency — they are charac- 
terized only by variability. Further aspects of quite 
definite patterns may be culled from Tables 9, 10, and 
11 . 
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4. Records from Experiment 16. In Experiment 
16, sample 1 of the polygraph record is again rest pre- 
ceding the showing of films, sample 2 covers the scene 
in which a man is slapped after forcing his attention 
upon a woman, sample 3 includes scenes of an actor 
and a chorus girl in conversation, and two lingering 
embraces, and sample 4 covers several scenes in all of 
which prominent stars are featured, each scene offers a 
much less repulsive situation than that offered in the 
section covered by sample 3. 

The t’s and p’s for the various comparisons appear 
in Table 4, Differences here are strikingly significant 
— many being significant in direction. Most of the 
blood -pressure difference comparisons are significant 
in direction. The number of significant differences 
in this respect compares most favorably with that of 
the same categories in Experiment 3. 

In 2 — 1 comparisons for various aspects of breath- 
ing, breathing rate consistently increases in sample 2- 
The amplitude of breathing is considerably less, since 
most D 2 — Di scores are negative — and we find this to 
be highly significant in terms of probability, p consid- 
erably less than .005. Atypical breaths increase in 
number, and there is a consistent and marked decrease 
in I/E ratios, and, strangely, a marked difference in 
variability, with about half of the individuals showing 
a larger standard deviation, and half a smaller stand- 
ard deviation. This shows a rather uniform shift in 
breathing. Since all subjects have a smaller I/E 
ratio (than those in rest) those showing increased vari- 
ability would necessarily have the same relation of 
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inspiration time to expiration lime as those showing a 
decreased variability. The latter type shows a regu- 
larity in breathing similar to that found in reading in 
Experiment 2. 

There is a small increase of breathing rate in sample 
3 over 2, and a large increase of 4 over 1, with 4—1 
differences rather consistently larger in a positive di- 
rection than those of any other movie — rest comparison. 
If the stimuli in sample 4 were more effective than 
others, it could be said that reactions were due to a 
finer type of acting. The maximum-minimum com- 
parisons for Da — Di are consistently large in the nega- 
tive direction, although the algebraic mean is not 
significant, and the D 4 — Di scores are slightly smaller 
but all are negative. We note that the algebraic mean 
here is significant. Thus, in watching the more stimu- 
lating action in section 4, breathing rate is faster, but 
breathing is more uniform in amplitude and wave 
length. Very strangely^ there is a decrease in I/E 
ratios in 3—1 comparisons, the mean of which is most 
significant (algebraic ^=3.270), and a marked increase 
of I/E ratios in 4 — 1 comparisons, with an algebraic 
t = /> .01. This suggests that there are further shifts 
in breathing beyond those of amplitude and frequency. 
Variability is significantly greater in sample 3 than 
in 1 in terms of standard deviation, but one-fourth of 
the population showed small negative differences, and 
three-fourths a large positive difference, hence a group- 
ing tends to destroy the trends actually shown by the 
original data. 

In over 85% of the blood-pressure differences the 
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direction is positive for the total population. There 
is consistent increase in all aspects of blood pressure, 
with 3 — 1 differences being larger in every case than 
other comparisons, and 4—1 differences smaller than 
other comparisons. The increase in heart rate is 
slight in 2 — 1, 3 — 1, and 4 — 1 difference comparisons, 
and is about equal in magnitude for each comparison. 
Standard deviations for these comparisons are slightly 
greater but more consistent — and it is interesting to 
note in Table 4 that all algebraic means are significant 
except one and it has a p^.OS, while all of the arithme- 
tic means are significant. 

Involuntary movements in respect to longitudinal 
frequency are about the same in all samples. The 
first noticeably varying differences are in lateral fre- 
quency comparisons, these being consistently negative 
in small amounts in 2 — 1, 3 — 1, and 4 — 1 comparisons. 
Total times of longitudinal and lateral movement are 
negligible, since most of the difference scores as well 
as the original values (as plotted on difference sheets) 
are zero. Longitudinal single excursions are small, 
with all differences negative; difference scores appear 
for 11 of the total population. Lateral single excur- 
sions are comparatively larger, most differences nega- 
tive, and difference scores appear for 22 individuals 
out of 30. Lateral movements have consistently shown 
greater differences than longitudinal movements in 
both Experiments 3 and 16. The differences in values 
for maximum excursion from preceding rest, noted as 
La.D. and Lo.D. scores, are most variable, so that 
any composite for the group is meaningless. 
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The differences in hydrogen ion concentration of the 
saliva samples are shown in Table 8. There is a rather 
consistent decrease in pH during the showing of the 
films, but it is to be remembered that here the time 
elapsing between the samples contributing to the first 
difference in the post-experimental group was the time 
required to project the film — about 10 minutes. 

To summarize briefly: An increase in breathing rate 
is noted when a disgusting scene is shown. In a cruder 
type of sex stimulation, the breathing rate again in- 
creases — slightly more than the increase previously 
noted. The largest and most consistent increase in 
breathing rate is noted in the samples covering the 
scene in which more subtle and higher types of sex 
stimulation are presented. The I/E ratios drop dur- 
ing the disgusting scene (sample 2) and the cruder type 
of sex stimulation (lingering embraces, etc. — sample 
3) . During the scene in which more subtle and higher 
types of sex stimulation are presented (sample 4) the 
I/E ratios increase when compared with the I/E ratios 
during rest. In general, standard deviations of 
breathing increased. 

Approximately 85% of the difference comparisons 
for various aspects of blood pressure increase in sam- 
ples 2, 3, and 4, when compared with sample 1. The 
increases are greatest and most consistent in sample 3, 
e.g., scenes of lingering embraces, actors and chorus 
girls. Blood-pressure rises are, more frequent and are 
sustained longer, blood-pressure drops are . more fre- 
quent and are sustained longer, etc. Slight increases 
in heart rate about equal in magnitude are found in 
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2—1, 3—1, and 4—1 comparisons, Variability in 
blood pressure as indicated by standard deviations is 
greater in samples 2, 3, and 4 than in sample 1. 

No change is noted in the frequency of longitudinal 
movements. A marked decrease occurs in the fre- 
quency of lateral movements. All aspects of lateral 
movement show greater variability than the aspects of 
longitudinal movement. 

Rather consistent decrease in pH is noted after the 
projection of the film. The decreases noted in Experi- 
ment 16 are on the whole considerably less than those 
noted in Experiment 3. 

Again rather definite physiological patterns for defi- 
nite stimuli are presented. A very clear-cut difference 
is that in I/E ratios— a drop for the disgusting stimuli 
and crude sex stimuli, and an increase in I/E ratios 
for the higher types of sex stimuli. Here the concomi- 
tant variation is quite evident, as it was with the fear 
stimuli. Both the rate and amplitude of breathing 
characterize the film used as stimulus. Patterns are 
evident in Tables 9, 10, and 11, 



IV 

CONCLUSIONS 

Perhaps the most striking aspect of the physiological 
reactions used as variables in this study is the great 
variability displayed. Variability increases in emo- 
tional situations. All of the polygraph records ob- 
tained during the presentation of emotional stimuli 
can be differentiated readily from records obtained in 
normal rest. 

Variability as such differs in various emotional sit- 
uations. A marked increase in variability was noted 
in situations in which intense fear stimuli were pre- 
sented. Variability was somewhat less in the situations 
in which films depicting disgusting scenes were shown. 

Some of the more clearly differential aspects of 
breathing in various situations are presented in Table 
9. The means, ^’s, and probabilities are shown for vari- 
ous types of differences. The column headings indi- 
cate the types of comparisons from which differences 
were obtained. 

Variability in breathing rate is seen to be differen- 
tial. The most striking differences in rate are found 
in intense fear situations. Subtler sex stimuli may be 
differentiated from a grosser type of sex stimulation in 
terms of breathing rate. With reference to variability 
in breathing rate during fear situations, about half the 
population showed a marked increase and the other 
half a marked decrease. 

The differences between maximum and minimum 
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points on the breathing curve were greater for the fear 
and shock stimuli than for the disgust and sex stimuli, 
but these latter differences were considerably greater 
than those in normal rest. 

Inspiration-expiration ratios were found to increase 
in fear and shock, and to decrease in disgust and with 
grosser sex stimulation. The I/E ratios increase 
markedly, however, when more subtle sex stimulation 
is presented. 

Breathing curves show considerable variability in 
amplitude in normal rest, as indicated by standard de- 
viation values. These values increase, however, in 
emotional situations, with the greatest increases oc- 
curring with intense fear stimuli. 

The outstanding differentia as shown by various as- 
pects of blood pressure and heart rate are presented in 
Table 10. Consistent increases in number of rises, 
duration of rises, number of drops, and duration of 
drops were noted in the cases of intense fear stimuli. 
Sustained rises were more frequent than sustained 
drops, but the drops were longer in duration than the 
rises. Increases were noted with the disgust and sex 
stimuli, with the most frequent increases occurring 
when scenes depicting lingering embraces were shown. 
The amount of variability as indicated by standard de- 
viation measures was shown with the fear stimuli. 
Changes in heart rate in all instances were very small. 
Slight increases and slight decreases were equally fre- 
quent in fear situations. Increases were more consis- 
tent in disgust and sex. 

Outstanding characteristics of involuntary move- 



270 


GENETIC PSyCHOLOQY MONOGRAPHS 


merits are shown in Table 11. No definite trend of 
direction of movement was noted— at least no two-cate- 
gory classification such as “approach and avoidance” 
could be made. Lateral movement in all instances was 
more frequent, more variable, and greater in magni- 
tude than longitudinal movement. The main differ- 
entia for various emotional situations are primarily 
quantitative. It may be said that the greater individual 
differences were manifest in involuntary movements 
than in any other reactions. 

Great variability was noted in pH of saliva. Con- 
sistent drops of rather large amounts were found to 
accompany the presentation of fear and shock stimuli. 
Consistent drops somewhat less in magnitude followed 
the showing of the film in Experiment 16. 

Physiological patterns for definite stimuli were evi- 
dent. We have given above a definite pattern for ex- 
treme fear, for instance. Significant co-variations do 
occur. Determining correlations with a view to 
weighting the different variables should prove illumi- 
nating.^^ There is some indication that a factor analy- 
sis would determine how many physiological factors 
are actually necessary to account for intercorrelations. 


^^’•This phase of the problem is now being undertaken. 



V 


SUMMARY 

A rather comprehensive survey of the literature on 
emotions reveals considerable experimental interest. 
Efforts at “measuring emotions” have been made by a 
large number of persons for a long period of time. An 
increase in this type of study was shown just before and 
during the World War, and a great many investiga- 
tions have been carried out since that time. 

We found that no study had recorded simultaneously 
varying physiological reactions, and hence undertook 
the present investigation. Stimuli socially classifiable 
as emotional were presented to a large number of adults 
under rather carefully controlled experimental condi- 
tions. Each subject served in several experimental 
periods. During the experimental periods, continuous 
records of blood pressure, respiration, and arm move- 
ment were made, and saliva samples were taken at in- 
tervals, The hydrogen ion concentration of these 
saliva samples was subsequently determined. 

All recording was done in a polygraph-ink on 
paper. A pressure-reducing device enabled the ex- 
perimenter to obtain continuous blood-pressure records 
without causing discomfort to the subject. By using 
hypodermic syringes to obtain samples of saliva, and 
small pyrex bottles to contain these samples and serve 
also as electrode vessels, contact of saliva with air was 
momentary. 

Great variability was shown in the physiological re- 
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actions measured. Variability in breathing rate and 
amplitude was significant during normal rest, as was 
variability in frequency and extent of arm movements. 
Blood-pressure changes were less variable during rest 
but the hydrogen ion concentration of successive sam- 
ples of saliva varied significantly under rest conditions. 

Variability in these physiological reactions was in- 
creased in emotional situations. The greatest increase 
in variability occurred' when intense fear stimuli were 
presented. All aspects of breathing increased with 
fear stimuli, whereas in disgust and with sex stimuli 
amplitude of breathing was diminished and rate in- 
creased. The traditionally noted “choc” or gasp in 
surprise was totally absent in our results. 

Blood-pressure rises and drops were more frequent 
in fear. Rises occurred more often than drops in blood 
pressure, but the latter were longer in duration. 
Blood-pressure rises were more frequent and greater in 
magnitude when subtle sex stimuli were presented than 
when a cruder type of sex stimulus was used. The in- 
spiration-expiration ratios decreased with fear stimuli; 
a decrease was also noted in disgust, and with cruder 
sex stimuli. These ratios increased when more subtle 
sex stimuli were presented. 

In all types of emotional situations, arm movements 
in lateral directions were more frequent and of greater 
extent than arm movements in longitudinal directions. 
Both types of movement were greater in fear situations. 
When sex stimuli were presented, longitudinal move- 
ments were negligible, whereas lateral movements 
were quite significant. 
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Results of hydrogen ion determination of saliva sam- 
ples were contrary to those noted in previous investi- 
gations. Decreases, consistent and comparatively 
large, occurred when fear stimuli were presented. 
With disgust and with sex stimuli, the decreases were 
consistent, but were smaller in magnitude than those 
ohserved in fear situations. 

An extension of this type of investigation should 
prove fruitful. Great progress should be made in 
classifying emotional reactions and in describing emo- 
tional behavior. Establishing the amount of co-varia- 
tion in various types of physiological reactions in 
emotional situations would enable one to give a com- 
plete analysis of emotional behavior. 
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LA MESURB OBJECTIVE DES RfiACTIONS EMOTIVES 
(R^aumd) 

II cxiatc un type de cornportement ou cnl^gorjc dc functions cju'on « 
appeli Emotion. LMiommc ordinaire ct I'hommc dc Bcicncc oni moniri 
viiv uis vif intferet pour lea probUmctt dt m trt>uv« urt itiUrH 

manifest^ pour Jc probl^me de faire nnitrc unc iniodon iiKr^alile clicx un 
flcheteiir poaaible, dc calmer ragitation d\jn mniflde ii^vros^, dc d^couvrlr 
la culpability ou rititioccticc d’uiic peraonne aouiKonnye, ct pour grand 
nombre dc ces probl^mcs qui exigent un<? coniiniflsance du comport cm ent 
ymoiif pour les rcsoudre. Par conadquent, on a Bit bicP i\ci yiudca tUi corn- 
portement yraotif— la claafliricatioii dca ymodana, robiervaiion aubjccUvc 
dea ytats limotifs, ^observation dc9 ryactions collectives du corps dqns 
l^ymotion, des tests employant ‘'pnplcr ct crayon" pour mcsurcr Ic rcndc- 
djune peraounc dont Icb ^motlcma ont ^14 Btimut^esj ct la ttoUtioti plui 
cjcacte dea changements physiol ogiquea dans I'yrmilion, Dans ccKc ilude iJ 
-a’agit du dernier type. 

On ryaumi des dcrits a montre grand nombre d^yiudcs oti I'ou a note Icti 
changements phyaiologiqiica dans I'yinoiioni rnais on n'a employ^ plusicura 
variables aimultanynicnt dans aucunc dc ccs itudes. Par conayt|iJcnt, otJ 
a eaaayy daevs cette ytude dc notcr lea cKangcmcnta dc Ifl respiration* dc 
ia pression aanguinej ct des inouvcnicrus involontnircs d'un britSi ct 
d'obtenir des ychantillons dc sallvc niix(e« doiit Von a dytcnnitiy fa con- 
centration des ions dMiydroginc. On a onalyai dc pluaicuri fa^ana Us 
notations dc ebaque ryaction, 

On B pris des ychantillons non choisls dans diveracs notalioni pour cliaque 
peraonne pour la mcaurc, On a analyay to\itca \t% ryadiom cn icnnca dea 
di/fyrences, c*est-A-dirC| les dilFyrcnccs de fa mcme rynctioii duns Ic repos 
normal ct dans Vymotion.^ On n dyierminy In aignifiance dea moyermea par 
unc technique de probability. 

Tonies lea ryactions phyaiologiquca crnployycs dans cctie yuidc ohi y^y 
tr^s variables — memo dans fca conditions du repoa. La variability cat 
devenue plus grande d^nne mnnlyrc aignihnntc quatul on a pryaenU des 
stimuli ymotifs. 

Pour ies atiimdi dc grand^peiir, on a noty des (otma types dc ryponac. 
La vitmc de la respiration s’cat benucoup accrue pour \n moili6 des aufciji, 
et Vautre moltiy a montry line cUcroissance ygafemcni cldird- Les ^^soupira 
de surprise’^ ordinairement notys ont yt^ totnfement absents, l/n grand 
accroissement dea proportions I/E s'est inontry. l^cs nccroisscmcnts dc in 
presaioa sanguine ont yty plus fryqucnts qiic les dycrojssanecs, mais cclUs- 
ci one 6U aoutenues plus longtcuips. Lc plus grand nombre dc grands 
accroisacmcnts dc la pression sanguine s'est montr6 qtiand uii serpent vivani 
de plus de deux mytrea de long rnmpait sur fe pinnclicr pr^s dc la chaise 
du aujef. Les petita accroiaacmctita du rytUinc cardtquc ont yty aiissl fry- 
quenta que lea petites dycroissanecs pendant la peur. On a noty des 
dycroissances constantca du pH salivairc^^contraire aux yiucics amyticurea, 

Les types plus aubtlls dc aiimiilatfon ont 6t6 caiac{6rhcn par des clmngc- 
nientB de la forme dc ;6actlon. Lea proponious I/E, par cxcniplc, dt- 
croisBcnt quand on pr6scntc des situations dygoQumes* et s'accroissem qunntl 
on pry sente dea stimuli esthytiques, 

Lfl varinbiUty cat difF6rcnticilc dans teutes lew rynciious. On a noiy unc 
forme complite, cn termes de variability coticotiVutuue, pour les typcB dc 
reaction ymoiivc, Le atiinijlus n ytd facilcnicnt jndii|uy par In forme dc 
1 euregistrement du polygrnphc. Uric extension tie cc type d'invesiigailun 
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d^sign^ pour ^tnblir la quantity dc co-variation dans lea divera types de 
reactions physiologiques dans les aituatioiis ^motives rendrait possible line 
analyse assez complete du comportement <^motif. 

Giwku^l 


DIE OBJEKTIVE MESSUNG DER GEOHLSREAKTIONEN 
(Refcrat) 

Ea gibt cine Rengicrungswciaci oder cine Kntegoric dcr Reaktionen, die 
‘'Gemiitsbewegung" [emotion] genannt worden isr. Sowolil dcr Laic wie 
der Gclehrte hat fiir die Problemc der Gemuisbcwcgungen cine kolossfll 
Starke Intcressc erwiesen, Man hat sich Intcrcaaicrt fiir die Aiifgabe dcs 
Erzeiigcns einer angenchmen Gciniilsbcwcgung bei eincr Versiichsperson, 
der Beruhigung cines Ncrvcnlcidcnden, der Enldcckung der Schidd odcr 
Unschiild cines Vcrdiichtigcn, iind fur iinziihligc andcrc Aufgabcn dieser 
Art, zu deren Bewrtltigung einc gewisse Vertrautheit im Bercich der 
Gefuhlsrcnktioncn notig ist, Ea haben folglich znhireichc Untcrsucli ungen 
dcr GcfDlilsrenktioncn stnttgcfunden. Darunter dnden sich z. B. Klassier- 
ungen der Gemutsbewegungen, subjektive Beobnehtungen der Gcfiihlzust- 
iinde [emotional states], Beobachtiingcn dcr grossen kdrpdrlichcn Renk- 
tionen bci Gemutsbewegungen, Priifungen mit Bleistift und Papier [“pencil 
and paper" tests] zur Messung dcr Lcistiing ciner nffektiv gcrcizten Ver- 
suchsperson, und die gcnaucrc Noticning dcr physiologischen Veriinderun* 
gen bei Gemutsbewegungen* In der gegenwartigen Untcrauchung hnt man 
sich mit einer solchen Notierung bcschaftigt* 

Eine Liieraturiibersicht beweist, dass cs cinc ganze Mcngc Unlersiichun- 
gen gibt, In denen physiologischc Andcrungeii bei Gemiitsbewegungen notiert 
worden sind, In keiner dicaer Untcrsuchungcn, aber, sind verschiedene 
Variablen gleichzeitig undersucht worclcn, Wir haben also vcrsucht, Ver- 
iindcrungen dcr Atmimg, des Blutdruckcs, und dcr unwillkbrlichcn Be- 
wegungen einen Armes zu noticren gnd rcgelmhssig von Zeit zii Zeit Proben 
gemiachten Speichels zu erhnllcn, deasen pH IConzentricrung [hydrogen 
ion concentration] dann bestimmt wurde* Die Notienmgen Uber jede 
Renktion wurden auf vide Weisen analysicrt. 

Oline Vorurteil gewiihlte Exemplare [samples] aus verschiedenen Pro- 
tokolleii von jeder Versuchsperson wurden zu den M*cssungcn verwendet. 
Alle Reaktionen wurden in Bezug auf Untcradiicdc — z* B. Unterschiede 
zwischen normaler Ruhe und Gemutsbewegung bci der sciben Reaktion — 
analysicrt. Die Bedcutung dcr Durchachnittsznhlcn wurdc mit einem Ver- 
fflhrcn zur Bestimmung dcr Wahrschclnlichkeit [probability technique] 
ermittelt. 

Alle in dieser Untersuchung bcobachtetcn physiologischen Reaktionen 
erwiesen sich aU hikhst veranderllcK — auch im Ruhcstandc. Wurden af- 
fektivc Rcize [emotional stimuli] dargeboten, so ateigertc sich die Varia- 
bilitiit bedeutend. 

Bei den extremen Angstreizen wurden typische Renktionsgestalten 
beobachtet. Die Atmungsschnelligkcit nnhm bei eincr Hhlftc der Vcrsiich- 
spersonen bedeutend zii, und bci dcr nndcren Ilnlft cben so stark nb. Die 
traditioneli bcoUachtetcU, plStxlichcn scharfen EiniUmvmRcn bci dcr Erataun- 
["gasps of surprise"] fchltcn vollstnndig. Ea fniul einc atarkc 
Zunahme im Einatmiings-Aiisntmungsvcrhiiltnis [inspirntion-expiration 
ratio] stalt. Erhoherungen dcs Blutdrucks fanden htiufiger statt als 
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Erniedrigungen, abcr letztere bclinrrtcn liinger. Die grosste Zali] plotZ' 
lichcr ErlibKcrungen fand mati^ wenn man cine, mclic a Is seeks Fuss Ungc, 
lebendige Schlnngc auf dem Fiissboden in der Nalic des Stuhica dcr Ver- 
suchsperson umberkriechen liesa. Bei der Angst zcigteii slch ebenso oft 
geringe Zunalimen wie geriiige Abtinlimcn dcr H(jrir.8clildgfrcciuenz, In 
Widcrspruck rnit den Bcfiinclen friikerer Forschcr stniulcn die beob-achteten 
bestiindigen [consiatent] Abnahmcn der pH-Starkc [hydrogen ion concen- 
tration] dcs abgcsondcrten Spcichcls. 

Audi subtilerc Reizarten erzeugten Veriindcrungen dcr Reaktionsgcstalt 
[pattern of reaction]. Dos Eiiulinunga-Ausatmiingsverhnitnis nimnit, z. 
B., ab, wenii widerliclic Sitiintioncn dargeboten werden, unci zu, wenn 
eathetischc Reize gegeben werden, 

Die VertinderlichkeU [variability] ist bei alien beobaebteten Reaktionen 
differenzierend- Bel verschiedenen nffekdven Rcaktiongarten zeigten 
sich verscliiedene voJlstiindigc Gcstaltcn [complete patterns] sick in 
gieichzeitig einkergeUenden Vertinderung iiussernd [a complete pattern in 
terms of concomitant variability]. Es licss sich der Rciz Icicht nus der 
Gestalt der polygraphischcn Registrierung erkennen, Einc Aiisdehniing 
und Anwendung dicser UatersuchungametUode, zur Beatimmung dcr gleich- 
zeitig cinhergehenden Veriindernngen [amount of co-variation] bei ver- 
schiedenen physiologischen Reaktionsarten in nffekterregenden Gelegcn- 
Jieiten [emotional situations] wurde cine ziemlicli vollatandige Analyse des 
Verbal tens bei Gemiitsbewcgungcii crmoglichcn. 


Gaskiix 
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I 

INTRODUCTORY STATEMENT 

The behavior of a living organism at any moment 
may, temporarily, be “explained” by any one of a series 
of relationships or correlations. Ultimately the total 
series of relationships may be said to “explain” the 
observed behavior adequately. So far as the psycholo- 
gist is concerned the relationships between the stimu- 
lus situation, the organism, and the response are of the 
greatest importance. These relationships may be ge- 
netic sections or cross sections of the behavior in ques- 
tion, That is, the behavior of a living organism at any 
moment may be “explained” by correlations involving 
the essential factors in the stimulating situation at the 
time, the psychophysiological condition of the organ- 
ism, and the past history of the organism. Such a view 
emphasizes the genetic or developmental method as a 
psychological approach to an understanding of be- 
havior. It is only in recent years, perhaps, that the 
developmental method has become a directing force 
in the experimental attack of the problems of behavior. 

For the most part, in the past, many psychologists 
have utilized classifications of the behavioral acts of an 
organism at birth as the starting-point {the behavioral 
zero, so to speak) for the subsequent “explanation” of 
the behavior in the adult organism. Now there is no 
particular reason why the study of behavior should 
force the psychologist to begin at this point. There 
is, moreover, definite evidence why such investigations 
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should begin with a prenatal ontogenetic zero (15, 
29). It is only in the past few years, perhaps, that 
vigorous and extended efforts have been made to in- 
vestigate experimentally the long and complicated be- 
havior development before birth. 

In the past, the activity of the organism at birth, or 
very soon after, has often been referred to as innate. 
No attempt was made to describe or investigate ex- 
perimentally the behavior which may be observed in 
the prenatal period. Much behavior subsequently fol- 
lowing upon this has been designated as acquired. The 
activities observed at birth have been variously classi- 
fied into instincts and reflexes. The length of the lists, 
the types of the classification, and the criteria for their 
determination have depended, perhaps, upon the sys- 
tematic temperament of the writer. The acquired 
forms of behavior have been described and classified as 
habits. Such forms of behavior are, in a sense, opposed 
to the instincts, since the habits have been acquired 
in the postnatal lifetime of the organism. 

In order to “explain” the manner in which habits 
have been acquired many theories have been proposed. 
Whatever the particular way in which one may “ex- 
plain” the complicated process of the acquisition of 
behavior acts, each has attempted to account for, in a 
generalized way, the complex behavior activities of 
the adult organism. A complete "explanation” of such 
behavior will involve a large series of correlations. 

In general, however, the psychologist has not had 
much to say concerning the behavior which, one may 
say, has been acquired in the prenatal lifetime of the 
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organism. Attempts at such “explanatory^’ correla- 
tions have been made with more or less success by the 
geneticist in the field of biology. The “explanatory" 
correlations which the geneticist has made have dealt 
largely with the relationships between the properties 
of certain protoplasmic materials (the genes of the 
chromosomes) and the appearance of certain adult 
characteristics sometime after birth. 

Although it is advisable and extremely advanta- 
geous to make such correlations, there are a host of 
other relationships which exist intermediate to such 
correlations. These are of the greatest importance for 
a psychological understanding of the complete devel- 
opment of behavior in the living organism. Because 
of this relative lack of emphasis upon, and lack of 
knowledge concerning, the development of behavior, 
during the prenatal period, the present investigation of 
the development of behavior in the fetus of the cat 
was undertaken. 

The purpose of this investigation was, then, the de- 
termination of the precise qualitative nature of the 
development of behavior in the prenatal lifetime of 
the cat, or, conversely, the tracing back to its prenatal 
inception the characteristic behavior of the newborn 
kitten. 



II 


EXPERIMENTAL MATERIAL, METHODS, 
AND APPARATUS 

A , The Experimental Animal 

The cat was chosen as the expcriinental animal for 
several reasons. For many years the cat has been a 
common laboratory animal in biological and physio- 
logical research. Consequently a large literature has 
accumulated, especially about its anatomical struc- 
ture and, to a lesser degree, about many of its physi- 
ological functions. Inasmuch as an understanding of 
behavior demands a more or less complete knowledge of 
the structure and function of the recepto-neuro-mus- 
cular mechanism, it is readily seen that such informa- 
tion is of value to the animal psychologist. 

Since the pioneer researches of Thorndike, the 
number of experiments on the behavior of the cat has 
been relatively small ( 1 , 28 , 68 , for bibliographies) ;yet 
what has been done indicates that it is a profitable 
field for further investigation. For many years com- 
parative psychologists have emphasized the fact that 
an understanding of behavior must, among other things, 
include a thorough description of the genetic history 
of the organism’s responses; yet, as has already been 
indicated, little research of that nature has actually 
been undertaken in the past. 

In recent years the cat has been used by several biol- 
ogists in experiments on the correlation of behavior 
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with the functional development of certain parts of 
the nervous system, and this has required an enumera- 
tion of the various items of the developing behavior 
of the kitten (1, 28, 68) . Such work suggested the im- 
portance of tracing back to its prenatal incidence the 
complex behavior as it appeared in the kitten at birth. 
Without this, the picture of the development of be- 
havior in the cat would be incomplete. This idea was 
further strengthened by experiments of the same nature 
with other organisms, thus providing a background 
from which to begin. The extensive researches of Cog- 
hill on the developing behavior of Amblystoma, those 
of his students, Swenson and Angulo y Gonzalez, on 
the rat fetus, the investigations of Preyer and of Avery 
on the fetus of the guinea pig, and those of Minkowski 
with the human fetus are, perhaps, the more notable 
systematic efforts to trace behavior back to its prenatal 
inception. The work of these men should indicate to 
the psychologist the importance and necessity of em- 
ploying the genetic method in behavior investigations. 
Finally, an experiment by Brown (H) demonstrated 
the feasibility of attempting a systematic investigation 
of the development of behavior in the fetal cat. 

71. Housing and General Care 

In undertaking this investigation’ the writer was 
faced with the problems of housing, feeding, and gen- 
eral care, about which, at the time, very little was 

^^riic proWfin was first suaui-stetl iii tlic fall of 1928 bj' Professor 
Leonard CariiiiL'Iiael of tlie iJepartmeiU of Psychology. A cat col- 
ony was started at once. I’reliiiiinarv expcritiiciits were conducted 
tlwrinK the winter ami spriiiu months of 1929. 
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known. An expedient method was to start the animal 
colony and to hope to learn from experience something 
about the general care of cats,^ 

The cats were housed in a large, well-lighted, well- 
ventilated, steam-heated room on the second floor of 
the animal laboratory. The male cats were segregated 
from the female cats in a portion of this room by 
a partition of wire mesh. The floor of the entire room 
was covered with galvanized iron in order to facilitate 
the daily cleaning of the animal quarters. Wooden 
shelves, a foot wide and about two feet from the floor, 
ran along two sides of the room. Clear, clean sawdust 
was liberally provided. An essential element in main- 
taining the health of the cats was to keep the quarters 
scrupulously clean at all times. The health of the ex- 
perimental animals was unusually good except for a 
single serious epidemic of colds during the early months 
of 1930.® An attempt was made to keep the room 
temperature between 70* and 80° F, and to avoid great 
fluctuations of temperature, Captive cats seem espe- 
cially susceptible to colds; consequently damp, drafty 
quarters must be avoided. 

A standardized diet for cats has not yet been de- 
veloped,'* Throughout the duration of this experiment 

^Many important and helpful suggestions as to the general care 
of cats may be found in Adams (1). 

®When cats were seriously affected with colds nothing could be 
done for them, It was then advisable to dispose of them humanely 
in order to prevent the spreading of the infection. Cats not so 
seriously affected were immediately isolated in a separate room pro- 
vided for the purpose. 

diet developed by Adams (1) is no longer recommended, 
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an ordinary kitchen-scrap diet was used. The scraps 
were supplied by the college cafeteria and by restau- 
rants in the neighborhood of the university. The kit- 
chen-scraps consisted of good, wholesome pieces of 
various meats — beef, chicken, lamb, and occasionally 
calf’s liver. The quantity was variable but always suf- 
ficient, to meet the needs of the colony. The cats were 
also given warmed cow’s milk daily, about two quarts 
to thirty cats. In addition, from time to time, each cat 
was giyen 5- IS cc. of cod-liver oil. The animals were 
fed once a day, in the evening, throughotit the year. 
The food was allowed to remain in the pans during 
the night and the excess was removed when the quarters 
were cleaned the next day. 

Under this diet, with the one exception noted above, 
all the cats were in good health. All of the cats had a 
sleek coat of fur and, although no weights were taken, 
none seemed to lose weight under these conditions. 

G. The Period oe Oestrous and Related Facts 

The season of the year when female cats are sex- 
ually active, the number and duration of oestrous peri- 
ods, the time elapsing between copulation and fertili- 
zation, and the ways of ascertaining when the female 
cat is sexually receptive all had to be known before 
the investigation could begin. 

Very little study has been made of the sexual activity 
of the cat. Such work as has been done indicates that 
the domestic female cat may have from two to four 
sexual periods during the year (45, pp. 139-172). From 
the writer’s own observations, sexual activity in the 
female cat may occur between December and Septem- 
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ber. The intervening period, between the last week 
in August and January, is, in so far as the writer has 
observed it, entirely one of sexual inactivity. The sex- 
ually active period is at its height during the months 
of January, February, and March.® 

The behavior of a cat in heat has been described by 
Van der Stricht (67, pp. 367f.). “A cat in heat shows 
very characteristic movements. Generally she makes 
a specific kind of cry while at the same time she stretches 
her body, the abdomen curved against the ground, the 
posterior members flexed and the posterior part of the 
trunk elevated and animated with a continuous move- 
ment, accompanied by a waving of the tail. . . . One 
is ordinarily aware of this fact [that copulation has 
taken place] by a cry or several sharp, piercing cries 
of the female; the male withdraws quickly and the 
female continues to roll in all directions against the 
ground.” However, it has been the writer’s observa- 
tion that not every cat which is in heat manifests it in 
external behavior. Because of this fact, it becomes 
necessary, from time to time, to allow the males to have 
free access to all the females. Then tire willingness or 
unwillingness of the female to accept the male will in- 
dicate whether she is in heat or not. 

At various intervals of the period of heat, just before, 
during the first, second, and third day, or at the begin- 
ning of heat. Van der Stricht (67) sacrificed 37 female 
cats and with an appropriate technique examined the 

®The earliest lecorded pregn.niicy w.ns noted in a cat in which 
copulation took pl.ace on December 28; the latest one occurred in a 
cat in which copulation took place on August 21. 
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ova of the sacrificed cats. The following conclusions 
pertinent to the present problem were reached : . 

1. The period of heat lasts generally for from two to 
three days (presumably after copulation). 

2. Ovulation is induced by copulation. 

3. The period of ovular fertilization coincides ap- 
pro.ximately with the end of the period of heat (at the 
end of the second or third day), 

These conclusions have, in general, been confirmed by 
others working in this field (30, 67, 45). 

The ages of the fetal cats have been determined on 
the basis of this experimental evidence. Instead of 
calculating the age of the fetuses from the time of copu- 
lation, in each case an allowance of two days was made 
from the time of copulation. For example, if copula- 
tion occurred on February 2 and the female cat was 
used for experimentation on February 26, the age of the 
embryos was calculated as 24 days from the time of cop- 
ulation minus two days, thus 22 days. This was done to 
allow for the probable time elapsing between copula- 
tion and fertilization. In every case, then, the ages of 
the fetal material are reckoned in accordance with this 
formula, unless otherwise stated. The gestation period 
in the cat is about 62 days from the time of fertilization. 

D. Apparatus 

In making this investigation it was necessary to be 
able to observe for a number of hours the fetal material 
under approximately normal conditions, with the um- 
bilical circulation intact and under a controlled tem- 
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perature of 37.5’ C. =1= .5° C," To insure such optimal 
conditions a special tccluiiiiiic was employed and an 
appropriate bath-apparatus was devised. 



FIOURI-: 1 

I'lUv UATM-Al‘I'ARA'i US 


The bath-apparatus consists of two detachable units 
(Figure 1). The bottom iinit (/i) is a galvanized iron 
tank, 23.7S x 20 x 9.25 inches. The top unit (B), 
which is made of tin and coated with white enamel 
throughout, has two shallow compartments separated 
by a partition with a ,3-inch opening. The outside 


'’Atlajuiitc icasKtis will In; Kiveji l:iU‘r in tlir pjipn' for llic use of 
this procedure. 
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measurements of the large rectangular compartment 
{!) are 12.5 x 10.75 inches. The other compartment 
(2) is 12.5 inches long and 6.25 inches wide. It has a 
gradually sloping bottom which is 3 inches at the point 
of greatest depth. 

The top unit has three openings through which are 
inserted a thermo-regulator (3) and two heating ele- 
ments {4j 5 ) , all of which are removable. The thermo- 
regulator is a De Khotinsky bimetallic, electric, water- 
bath type effecting a temperature control within .5° C. 
The heating elements are two knife-type immersion 
heaters, one of 1 25-, the other of 250-watt8 capacity. 
Figure 2 illustrates the wiring of the bath-apparatus. 



— heating elements 
S — bath 

C — tliermo-rcgulator 
D — relay 
E — condensers 
F — pilot light 
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When the bath-apparatus Is in use it rests on a wooden 
table. The bottom unit of the bath-apparatus is filled 
with tap water, The two compartments of the top 
unit, which fits over and rests upon the tank, are filled 
with physiological salt solution."^ The thermo-regula- 
tor and the two immersion heaters are inserted in the 
proper openings and are immersed in the tap water 
of the tank. After this, the salt solution is allowed to 
come to the requited temperature of 37.5* C, before 
being used in the experiment. 

An arrangement (Figure 1) was also provided for 
making motion-picture records of the fetal behavior. 
The framework of this set-up consists of three iron 
rods. Two of these rods (4-7 inches long and .75 inch 
in diameter) are clamped to the ends of the table, one 
at each end, in a vertical position, By using the appro- 
priate clamps, the third rod (54 inches long and .75 
inch in diameter) is laid horizontally between the two 
upright rods. Attached to the horizontal rod is a 
universal clamp to which the motion-picture camera 
is screwed in place directly above the bath-apparatus. 
This arrangement makes it possible to obtain the opti- 
mal distance with the lens-setting used in each case. 

To secure the proper distance in the vertical plane, 
the two upright rods are either lowered or raised by 
sliding them through the clamps. On the horizontal 
plane the holder to which the universal clamp is at- 

''Tlia solution was made from the formuhi of Ringcr-Locke, with 
the glucose omitted. It had the following composition: .015^ 
NaHCOa, .024% CaCla, ,042% KCl, .92% N.aCl, 99% distilled 
water (10, p. 211). 
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tached Is moved to the left or to the right until, by sight- 
ing through the view-finder of the camera, the correct 
field is secured. Two reflectors with spot-light attach- 
ments and with two lamps, each of 500- watts capacity, 
provided ample illumination to the field. A 2-inch F 
3,5 lens was used for photographing the early stages 
and for taking close-up photographic sequences. For 
the more advanced stages of prenatal development a 
1-inch F 3.5 lens was used. The camera used was a 
Bell-Howell 70-D (20, 21). 

is. Operative Technique 

The pregnant female to be decerebrated was firmly 
and securely tied to a cat-board. Surgical ether was 
administered by a cone, A ventral incision was made 
in the neck, both carotid arteries secured and ligated 
in turn, and a cannula inserted into the trachea. The 
cannula was employed in case artificial respiration had 
to be used. After opening the skull by trephining, the 
dura mater was slit and the mid-brain was sectioned 
following the bony tentorium as a guide. After this 
operation the administration of ether was immediately 
discantintied. Parts of the brain anterior to the cut 
were removed and small pellets of cotton were inserted 
to check the bleeding. The average time of this entire 
operation, during which ether was administered, was 
13.5 minutes (Table 1), 

After decerebration the cat was allowed to remain 
quiet for from an hour and a half to two hours to allow 
the effects of the anaesthetic to pass away. During this 
recovery period a superficial mid-line abdominal in- 
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TABLE I 


Age 

In 

days 

Ether 

administered 

(time) 

Loss of blood 
(quantity) 

n , 

IQ min3. 10 

scca» 

30 

cc> 

21 

8 


20 

ti 

15 

tr 

24 

10 

tt 

45 

ri 

15 

41 

25 

13 

41 



15 

44 

26 

13 

44 



15 

44 

27 

10 

«1 

13 

It 

30 

(4 

28 

18 

It 



9 

14 

29 

10 

M 



45 

4t 

30 

10 

41 



45 

II 

31 

9 

11 



24 

II 

32 

8 


50 


15 

11 

34 

10 

44 



15 

U 

36 

M8 

(( 



24 

« 

38 

12 

44 



30 

ri 

40 

12 

<4 

30 

rr 

30 

•These were the 

43 

14 

<4 

10 

tt 

15 

" fir&t performed. 

45 

♦23 

rc 



15 

41 

46 

9 

44 

15 

tr 

IS 

44 

47 

14 

44 



30 

44 

49 

♦21 

44 



9 

(4 

Si 

♦25 

44 



9 

44 

S3 

•24 

44 



9 

it 

55 

♦18 

It 



15 

tt 

58 

11 

tt 



24 

tl 


cision was made. After this lapse of time, the cat was 
placed in cocnpartment 2 of the bath-apparatus with 
only the lower trunk immersed in the salt solution.® A 
deep abdominal incision was made along the Hnea alba. 
One horn of the uterus was then lifted out from the 
body cavity into the salt solution. One fetus at a time 
was shelled out into the solution, special care being 
taken not to exert tension on the umbilical cord. 


®In the case of very young stages (21-32 daj's) the decerebrated 
female was placed directly in compartment 1 of the batli-apparatus. 
This was done because at this time the uterine horns of the pregnant 
female arc so small that they will not extend through the opening 
between the two compartments and would thus tend to impair the 
observations of the fetal reactions. 
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Under these conditions observations and motion-pic- 
ture records were successfully obtained from the em- 
bryos and fetuses of 32 pregnant cats. A pre-arranged 
outline was followed to facilitate and systematize the 
observations. In the later stages, after tying and sever- 
ing the umbilical cord of the fetuses, they were trans- 
ferred onto an electric heating pad and observations of 
their behavior in air were made. 

Besides these observations, the lengths (crown-anus) 
and the body weights have been filed, together with the 

TABLE 2 


No. of liUcrs 
at 

each age 

No. of fetuses 
in 

each Utter 

Age in 
gesta' 
tion days 

Average length 
in 

mm. 

Average weight 
In 

gms. 

1 

4 

21 

13.6 

.250 

X 

3 

22 

16.5 

.325 

X 

5 

23 

19,2 

.525 

X 

4 

24 

20.6 

.538 

1 

3 

25 

23.6 

.738 

1 

4 

26 

2S.2 

1.130 

1 

3 

27 

28.6 

.598 

1 

5 

2S 

23.9 

.625 

1 

3 

29 

38.0 

2.43 

1 

S 

30 

39,0 

2.57 

1 

4 

31 

43,1 

3.22 

3 


32 

43.4, 45.7^ 46.2 

3.30, 3.50, +.60 

2 

4,6 

34 

54.6, 54.0 

5.57, 5.50 

2 

4,4 

36 

60.2, 62.6 

7.65, 8.22 

X 

4 

3S 

69.8 

13.17 

2 

4,6 

40 

77.5, 79.9 

16,62,17.45 

2 

2.5 

43 

89.0,91,6 

28.80, 27.54 

X 

4 

45 

87.5 

32.55 

1 

5 

.46 

96.2 

38.76 

1 

5 

47 

112.8 

50.60 

2 

5,2 

49 

111.0, 109.0 

47.86, 44.30 

1 

5 

51 

121.4 

66.16 

1 

3 

53 

127.3 

83.20 

1 

5 

SS 

125,8 

8U92 

1 

5 

62 

133.4 

86.10 

5 

2, 1, 1. 5.4 

58 

147.0, 148.0,150.0, 
144.4, 149,0 

119.50, 116.50, 

101.50, 107.54, 
122.44 
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written protocols (39-42). The embryos and fetuses 
have been preserved in an appropriate solution of for- 
malin. The distribution of weights and lengths may 
be studied from Table 2 and from the accompanying 
graphs (Figures 3 and 4). 
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FIGURE 4 

Distribution of Crown-Anus Lengths According to Age in 
Gestation Days 
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HISTORICAL REVIEW OF THE LITERA- 
TURE 

A. Non-mammalian Studies 

I. Amblysfoma. It is not the aim of the writer 
in the present paper to deal exhaustively with the in- 
vestigations of the early behavioral development of 
organisms other than mammals. However, the com- 
plete and systematic investigations of Coghill with Am- 
blystoma are important for a proper orientation in the 
present study. Recently Coghill (18) has conveniently 
summarized the main results of his work on Amblys- 
tonia. He has traced the development of behavior 
acts in tlie order in which they appear. He deals with 
aquatic locomotion, terrestrial locomotion, and the 
feeding reaction (18, pp. 5-38), There are, according 
to Cogliill, live physiological stages which eventually 
lead to aquatic locomotion; (I) non-motile stage; (2) 
early flexure stage (bending of head to one side) ; (3) 
coil stage (bending into single tight coil) ; (4) S-reac- 
tion (reversal of coil before complete execution) ; (5) 
S-reaction in series sufficient to effect locomotion (18, 
p.9). 

After aquatic locomotion the course of development 
leads to an attainment of terrestrial locomotion and of 
the feeding reaction. Of these the development of ter- 
restrial locomotion is of special interest in the present 
study because it may be compared with the develop- 
ment of locomotion in the fetal cat, 
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An important aspect of the establishment of the walk- 
ing reaction is the cephalocaudal progress of the de- 
velopment of the component parts. Anatomically and 
behaviorally, the forelimbs develop earlier than the 
hind limbs. The earliest forelimb movements occur 
only as the trunk moves this •way or that. Later, the 
forelimbs begin to move independently of the trunk 
but only as a unit. As time passes, individual divisions 
of the forelimb begin to move, first as the whole limb 
moves, later as an independent unit. The progress of 
development in the hind limbs is similar to that occur- 
ring in the forelimbs but at a time ten or twelve days 
later. Alternate coordinated beats of the forelimbs 
appear first. As development progresses further, this 
coordination invades the hind limbs, So the nicely 
timed rhythm of walking is not an all-or-none affair 
but a gradual development. At first the two forelimbs 
are extended and flexed simultaneously. Later, as in- 
dependent beats appear, they seem to be under the con- 
trol of the trunk, When the forelinabs have developed 
to the point where an alternate trotting rhythm is estab- 
lished, the hind limbs are moving together after the 
fashion of the forelimbs in their early development. 
On the basis of his studies Coghill concludes in part 
that: 

"a. The behavior pattern develops in a regular order 
of sequence of movements which is consistent with the 
order of development of the nervous system and its parts. 

"b. Behavior develops from the beginning through the 
progressive expansion of a perfectly integrated total pat- 
tern and the individuation within It of total patterns 
which acquire various degrees of discreteness” (18, pp. 

36f.). 
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B. Mammalian Studies 

1. The While Rat. The earliest recorded study of 
the fetus of the white rat, of which the writer is aware, 
is a monograph by Lane (36). Beginning with fetuses 
of 7.5-mm. crown-rump measurement and extending 
to young animals 16 or 17 days after birth, Lane in- 
vestigated the functional development of the sense- 
organs. The fetuses were delivered into a dish of 
warmed salt solution. The uterus had previously been 
excised from the mother. The observations were then 
carried out in a warm observation chamber. Although, 
according to Lane, one should make allowance for the 
fact that there is a certain amount of overlapping of 
the periods of development, the order in which the 
sense-organs attain their functional capacity is as fol- 
lows; (1) touch; (2) equilibrium; (3) smell; (4) 
taste; (S) hearing; (6) sight. Of these, however, only 
touch and equilibrium become functionally active in 
the prenatal period of development. Smell and taste 
are possibly functional on the first day after birth. Re- 
actions to sound are first obtained on the 12th day after 
birth and to light on the 16th or 17th day after birth, or 
when the eyes are opened.® 

Lane also conducted a parallel investigation of the 
nervous system, central and peripheral, and of the sense- 
organs to ascertain histologically their structural de- 

“Although it was Lane's purpose to investigate tlie development 
of the sense-organs only, his published protocols contain descrip- 
tions of the behavior elicited nt the various stages by the stimuli em- 
ployed. These results are not reproduced here because of the im- 
portant gaps left unobserved. 
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velopment at the time when the function is first appar- 
ent. 

The histological examinations have led Lane to con- 
clude that, since the afferent, efferent, and associational 
pathways are already laid down and yet the rat cannot 
respond to the stimulus used, the block in the circuit is 
the exteroceptive end-organ. When this receptive 
organ develops its functional capacity the nerve circuit 
is complete and response to the adequate stimulus ap- 
pears. 

Ill 1925 Swenson (61) reported a method for making 
experimental observations on white-rat fetuses. The 
following procedure was used, The pregnant animal 
is anaesthetized. The two carotid arteries are secured 
and ligated. The right and left external jugular veins 
are tied close to where they empty into the innominate 
veins, and the ether is discontinued. The animal is 
then transferred to a constant-temperature bath of 38' 
C. salt solution where the fetal observations are made. 

However, in a study of fetal responses which Swen- 
son was carrying on at the time, he found it necessary, 
from time to time, during the actual observations of the 
fetal material, to administer a few drops of ether to 
the mother in order to prevent her moving (62, p, 12), 
This fact is not mentioned in the published article pre- 
viously cited. 

Beginning with the 364th hour of gestation (IS days 
and 4 hours), Swenson made a more or less continu- 
ous study of the movements of 117 fetuses from 26 lit- 
ters. These observations were extended to the 408th 
hour of gestation. Fetuses of 20 litters after the 408th 
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hour have also been studied; these investigations do not 
carry through to birth, however (62, p. 13). Inci- 
dental observations were also made of general irri- 
tability to mechanical stimulation and of spontaneous 
movements (62, pp. 168-178). 

Swenson has classified the order of appearance of 
fetal behavior in the albino rat beginning with the first 
observed movement, which is a lateral flexion of the 
head, into three stages. These stages of development 
occurred during the 16th day of gestation. The stages 
classified follow (62, pp. 189-191) : 

A. The non-motile stage 

1. Appears to end at or near the 378th hour of 
gestation, i.e., 15 days plus 18 hours 

B, Early motile stage 

1. Appears to begin at or near the 378th hour 
of gestation and to end at or near the 390th 
hour, i.e., 16 days plus 6 hours 

2. The movements observed here consisted of*. 

a. Lateral flexion of the head, trunk, and rump 

b. Alternate lateral flexion of the trunk, head, 
and rump 

c. Forelimb backward and forward movement 

d. Flexion and extension of the forearm 

e. Hind-limb abduction and adduction 

G. The dorso-ventral extension-flexion stage 

1. Appears to begin at or near the 390th hour 
of gestation and to end at or near the 408th 
hour, i.e., at the end of 17 days 

2. The movements of the head consisted of: 
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a. Head extension — was a passive niovement 
caused by lateral flexion of the trunk 

3. The movements of the trunk consisted of: 

a. Lateral flexion 

b. Alternate lateral flexion — ^which was the 
dominant movement and continuous for long 
periods 

c. Maintained lateral flexion — the duration 
was 3 or 4 seconds 

4. The movements of the rump consisted of: 

a. Lateral flexion ] were essentially 

■part of trunk 

b. Alternate lateral flexion J movements 

c. Ventral flexion — ^was the most powerful of 
all the movements 

d. Extension — was a vigorous movement 

5. The movements of the forelimbs consisted of : 
a. Forward and backward movement 

h. Flexion and extension of forearm 

c. Flexion of the paw 

d. Probable maintained backward extension 

6. The movements of the hind limbs consisted of : 
a. Abduction and adduction 

7. The movements of the mouth consisted of: 
a. Mouth-opening and closure or lowering and 

raising of the lower jaw 

8. The movements of the tongue consisted of : 
a. Protrusion and retraction 

9. The movements of the skin over the rump con- 
sisted of : 

a. A feeble contraction of the skin 



310 


OBNBTIC PSYCHOtOOy MONOORAPHS 


D. Later stages (or rotation stage) (63, p. 31)^® 

1. ISth'day fetus (presumably beginning at or 
near the 408th hour). “The new movements 
exhibited by this fetus were rotation of the 
rump, extension of the tail, and backward 
movement of the hind limbs” (62, p. 165). 

2. 19th-day fetus. “The following movements 
were the new movements this fetus exhibited: 
ventral flexion of the head was a discrete move- 
ment; tongue protrusion was maintained at 
times; maintained lateral flexion with main- 
tained rotation of the trunk was noted ; rota- 
tion of the trunk and rump to the right or left 
side; maintained extension of one fore limb 
and flexion at the elbow of the other fore limb ; 
extension of the hind limb as a whole; flexion 
and extension of the hind limb; quick move- 
ments, probably constriction movements, of 
the thorax and abdomen. The posture attempt 
was especially prominent” (62, pp. 165-166). 

3. 20th-day fetus, “Respiratory movements ob- 
served; not rhythmic. They do not become 
rhythmic after the fetus is removed from the 
solution. . , . Extensive development of 
tongue movement. Rump rotation in direc- 
tion opposite to rotation of the head” (62, pp. 
166-167). 

From this study of the developing behavior of the 
albino-rat fetus this author cojicludes; “Movement in 


later classification. 
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the rat fetus develops in an orderly manner, . . . De- 
velopment is undoubtedly cephalocaudad. . . . Develop- 
ment of movement in the fore limbs and in the hind 
limbs was unquestionably proximodistal, . . ( 62 , p. 

187). 

With the aid of the motion-picture camera Swenson 
has recently traced back to their earliest beginnings the 
“crucial” movements of progression, respiration, and 
ingestion (64, 65). Progression is the first to appear. 
Next, in order of appearance, is respiration, closely fol- 
lowed by ingestion. Swenson concludes ; “Each simple 
movement makes its first appearance in a definite order 
with relation to the other simple movements. Once a 
simple movement has appeared, it persists in kind of 
movement, but its qualities change with the develop- 
ment of the animal” (65, p. 40), Further, he says, 
“The contraction of any simple movement at the time 
of its first appearance is feeble and slow, but with de- 
velopment it becomes quicker and stronger, and later 
sustained contraction appears” (65, p, 40). 

Several brief reports of the developing behavior of 
the albino-rat fetus have been made by Angulo y Gon- 
zalez. He also used the motion-picture camera to ob- 
tain records of the typical stages of behavior develop- 
ment in rat fetuses from the time when behavior is first 
observed to the time just before birth (2, 6) . The 
following stages were investigated : ( 1 ) lateral flexion 
of the trunk; (2) flexion of the trunk with movement 
of the forelimb; (3) extension of the trunk; (4) main- 
tenance of contractions; and (5) beginning of emer- 
gence of independent movements ; also specific reflexes 
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and postural reactions. Fetuses at 15, 16, 17, 18, and 
19 days after insemination were examined for their 
behavioral development as well as for the progressive 
increase of the motor-cell columns in the cervical re- 
gion of the cord (2, p. 46). The histological examina- 
tions show that . . there is a progressive segregation 
of the motor cells coincident with the orderly increase 
of the motility of the fetus” (3, p. 17). 

In a more recent and more elaborate investigation 
Angulo y Gonzalez (8) investigated rat fetuses 14, 15, 
16, 17, 18, 19, 20, and 21 days after insemination. Ex- 
tensive motion-picture records were made during the 
course of the experiment. A brief summary will be 
given of the more important results obtained from this 
experiment. 

A. Fourteen days (336-359 hours) 

1. Non-motile 

B. Fifteen days (360-383 hours) 

1. Lateral-flexion stage — first sign of motility at 
378 hours after insemination 
a. "The movement consisted of a slight bend- 
ing of the head, involving only the neck re- 
gion, which took place only after stimulation 
of the snout” (8, p, 402). , . the activity 

ceases almost immediately after the first re- 
sponse. Stimulation upon any other part of 
the body fails to arouse the fetus, . . (8 

p. 404) . 

C. Sixteen days (384-407 hours) 

1. Movement of the forelimbs with movement of 
the trunk 
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a. Lateral flexion of the trunk more frequently 
observed; also more pronounced and 
stronger. 

b. Movement progresses so as to involve first 
the forelimbs and later the rump. Move- 
ment of the hind limbs is added to this move- 
ment in the older fetuses of this period. 

c. Forelimbs move only with the trunk, 

d. Total mass reaction involving trunk and 
forelimbs quite frequent.” 

D. Seventeen days (408-431 hours) 

1. Head-extension stage 

a, “. . . the movement more often obtained was 
a total mass reaction which consisted in ex- 
tension of the head with opening of the 
mouth and protrusion of the tongue. This 
movement spread also in a cephalocaudal 
direction, involving the forelimbs and the 
rump region, but when the forelimbs were 
involved in this movement, they did not 
move as in the previous stage; that is, one 
limb raised and the other lowered. In this 
case both fore limbs were retracted at once” 
(8, p. 411). 

b. Total pattern (or mass reaction) of lateral 
flexion of the trunk and rump with fore- and 
hind-limb movements. This is stronger than 
in the previous stage and has spread in a 

total mass reaction consists of a primary or basic movement 
and a scries of secondary movements. 
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pfoximodistal direction so as to involve the 
forearms and hands. 

c. Ventroflexion movements of the head and 
rump 

d. Rotation of the trunk and rump 

e. High degree of spontaneous activity 

/. Responded to stimulation of the side, of the 
forelimbs and hands and of the snout, 
g. Responses not discrete reflexes but mass re- 
actions. 

E, Eighteen days (432-455 hours) 

1. Stage of maintained contractions 
a. In the previous stages active contraction was 
followed by a quick relaxation. At this 
stage the contractions are maintained for 
several seconds, 

Tlie total pattern of lateral flexion disap- 
pears at this stage and is supplanted by head 
extension. This reaction has traveled cau- 
dad so that, now, the rump and hind legs 
are involved in the movement, 
c. It is possible that as this pattern spreads to 
the caudal region a differentiation takes 
place in the anterior region so as to cause 
a separation of the secondary movements 
during periods of activity of the primary 
movements. This is not a complete break- 
ing-up of the total pattern but merely an in- 
hibition of the secondary movemciits. 

At this stage there was noted a high degree 
of independence of the rump region from 
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the general total pattern of lateral flexion, 
and there frequently appeared lateral flexion 
of the rump independent of lateral flexion 
of the trunk. 

<?. The forelimbs move as a whole independ- 
ent of the trunk. 

/. Independent flexion and extension of the 
hand is present at this stage. 

g. Opening of the mouth independent of head 
extension and movement of the hind limbs 
independent of the rump also present at this 
time. 

/i. The independence of the secondary move- 
ments is acquired in a cephalocaudal and 
proximodistal direction. 

F, Nineteen days (456*479 hours) 

1. Stage of specific reactions 

a. At this stage one can, in general, predict the 
type of response in relation to the place stim- 
ulated. 

h. Stimulation of the dorsal side of the hand 
always causes hand extension; stimulation of 
the volar side of the hand always causes 
hand flexion. 

c. The independence of the secondary move- 
ments from the total pattern is a condition 
which is relative to the pattern as a whole, 
while the specificity of reactions is related 
to the place of stimulation. 

flf. Cross and diagonal reflexes which are also 
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Specific to place stimulation arc also present 
at this time. 

G, Twenty and twenty-one days (480-527 hours) 
1. Period of marked activity 

a, Spontaneous activity is very rare and when it 
does occur it docs not involve violent reac- 
tions. 

b. Discrete reflexes arc difficult to evoke at this 
time. 

A minute anatomical examination of the forelimb 
of the albino-rat fetus at about the time in its develop- 
ment when movement first begins was made by Blincoe 
( 11 , 12 ). 

Behavioral observations of the albino-rat fetus and 
of a hooded strain, incidental to the main problem of 
a study of regeneration, were also made by Hooker and 
Nicholas (32). In general, their observations con- 
firm those made by Swenson and Angulo y Gonzalez, 

Corey (19) has recently reported an investigation 
in which he sought to determine the factors which 
bring about the first movements of respiration in the 
albino-rat fetus. “It is concluded that the initial in- 
spiration is normally brought about by an increased 
carbon dioxide tension in the blood, aided by the stimu- 
lating effect of the drying of the skin” (19, p. 41). 

2. T/ie Rabbit. By employing a technique much 
like the one used in the present study of fetal cats, Pan- 
kratz (54) was able to observe the development of 
behavior in the fetus of the rabbit. Pie writes: “Spon- 
taneous motility and movements elicited by mechanical 
stimulation of the nose, head and neck regions were 
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first observed in 15 to 16 day old fetuses. The move- 
ments consisted of a simple lateral flexion in the neck 
and upper trunk. Seventeen day old fetuses showed a 
marked ventrolateral flexion of the head and upper 
trunk with some movements of the fore limbs. In 20 
day old fetuses opening and closing of the mouth were 
observed; also active movements of the fore limbs, 
flexion of the hind limbs, and lateral flexion of the 
whole trunk. Twenty-five day old fetuses turned their 
heads upon stimulation, and manifested greater motility 
in hind limbs and trunk. Movements became more 
complex as gestation advanced” (54, p. 58). 

3. The Opossum. A very interesting and unusual 
study of pouch-young opossums has been made by 
Langworthy (37). Since the latter part of the fetal 
development of these animals takes place in the pouch 
of the mother, exceptional advantages are provided for 
making a continuous study of their behavioral develop- 
ment. In this study Langworthy is particularly inter- 
ested in studying the progressive myelinization of nerve 
tracts and only incidentally in the behavioral aspects 
of these animals. Partly, perhaps, because of this fact, 
and partly because of the difficulties in obtaining 
enough material, the prenatal stages have not been 
studied, thus omitting a most important phase in a study 
of the development of behavior. 

Observations of behavior were made on pouch-young 
opossums beginning with animals less than four weeks 
old (time reckoned after copulation) and extending to 
young opossums 76 days old. The animals were re- 
moved from the pouch for study. Observations were 
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made before and after decerebration. In each case a 
parallel study was made of the myelinization of tracts 
in the nervous system. 

There appears to be a gradual development in be- 
havior as evidenced both by the functional appearance 
of new behavioral capacities and by the general integra- 
tion of behavioral elements already functional. The 
general progressive increase in behavior development 
seems to follow an anterior-posterior course, the ce- 
phalic end of the opossum becoming more sensitive to 
stimulation and showing more rapid development in 
the coordination of responses than the caudal end of 
the animal. Although Langworthy does not explicitly 
make interpretations such as these, several quotations 
will indicate that such interpretations are implicit in 
his findings. In 7-day-old pouch-young opossums "the 
fore legs were relatively large and muscular with well- 
developed claws; the hind legs were small with little 
muscular development. . . . Beats of the fore legs oc- 
curred when the animal was lying on the side, but there 
was little contraction of the hind leg musculature” {37, 
pp, 206f). In opossums less than one month old the 
"hind legs showed more movement than in the younger 
opossums, but were not at all coordinated with each 
other or the fore legs, The posterior part of the body 
moved as a unit by the contraction of the abdominal 
musculature” (37, p. 209). The next stage examined 
was that of the Sd-day-old opossunas. “There was 
scarcely any coordination in the fore and hind legs 
present and the hind leg movements were poorly coor- 
dinated. A crossed-extension was usually but not al- 
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ways obtained on pinching the foot pad of the fore leg. 
Stimulation of the foot pad of the hind legs caused a 
flexion of both hind legs” (37, p, 210). This superior- 
ity in coordination of the anterior portion of the animal 
over the posterior portion apparently continues until 
the 62nd day when the opossums begin to spend some 
time outside the pouch. At this stage the animal can 
support its body on its legs and walking appears to be 
present. In 64-day-old opossums the “hind legs were 
as well-developed and as active as the fore legs. The 
legs were able to support the weight of the body and 
walking was well coordinated” (37, p. 228). • 

From the histological examinations of the develop- 
ment of myelin, Langworthy concludes that “fibres and 
tracts become medulated in the order in which they 
have developed phylogenetically. There is suggestive, 
but by no means conclusive, evidence that, in general, 
tracts become medulated at the time when they become 
functional” (37, p, 238), 

4. The Guinea Pig. Wilhelm Preyer (56) was one 
of the first to make extensive investigations of the physi- 
ological and behavioral processes of living organisms 
which may be observed during the prenatal period of 
development. Many of the observations were strictly 
physiological and need not concern us here. 

Preyer began at the third week of gestation to remove 
guinea-pig embryos for observation. At weekly inter- 
vals his observations continued through the tenth week. 
Some of the observations were made on animals de- 
livered into the air; others were made on animals de- 
livered into a bath of physiological salt solution of body 
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temperature. In all, Preyer observed the embryos and 
fetuses of 32 guinea pigs, 

The first movement was observed to occur in an em- 
bryo of the fourth week. Preyer writes as follows: 
"Dieser Embryo ist der kleinstc Meerschweinchen- 
embryo, an dem ich Bewegungen mit Sicherheit wahr- 
genonimen habe.” The movement observed was a 
movement of the trunk. “Bewegte den Rumpf in situ 
stark” (56) p. 588). No contraction to electrical stim- 
ulation could be observed. 

Fetuses of the fifth week were delivered into a bath 
of physiological salt solution of body temperature. 
Preyer (56, pp. 588-589) comments on this in the fol- 
lowing manner. “Der nackte Embryo im Salzwasser 
geradeso mobll wie im Ei; aber an der Luft erloschen 
sehr bald alle Bewegungen In the sixth and suc- 
ceeding weeks of the gestation period the movements 
became more plentiful. 

In a study of the peristaltic movements of the guinea- 
pig fetus, Yanase incidentally reported movements he 
observed. This study is important here only because 
he, too, reports movements of guinea-pig fetuses as 
early as the fourth week of gestation, or about 28 days 
(72, pp. 355-365, 372-381).*“ 

A recent study of the responses of fetal guinea pigs 
has been made by Avery (9) . Beginning with the 4Sth 
day of gestation (presumably from the time of copu- 

^^Yanasc remarks that he has also made observations of Ciat, dog, 
and rat fetuses. He docs not, liowcvcr, report his findings. Nor 
does he indicate that further publication of sucli material was anti- 
cipatecl. 
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lation), Avery studied the responses of guinea-pig fe- 
tuses at one-day intervals, except for the 49th and 51st 
days, until the 68th day (the length of the gestation 
period). 

His method was to etherize the pregnant female and, 
after sectioning the umbilical cord, to deliver the fetuses 
in air for study. They were not, except in one or two 
cases, delivered in physiological salt solution, nor was 
the umbilical circulation maintained intact. 

The earliest responses elicited by experimental stim- 
uli appeared on the 45th day. These were a gasp and a 
muscular twitch to an electrical stimulus. From this 
time until the 68th day Avery’s data indicate an in- 
crease in the number of responses elicited by experi- 
mental stimuli (Figure 5). 

5, The Gat. Graham Brown was the first, so far 
as the writer is aware, to investigate the movements of 
fetal cats (14). Using the decerebration technique, he 
investigated the walking activities of four cat fetuses, 
near term, delivered into a dish of warm physiological 
salt solution, leaving the umbilical circulation unim- 
peded. Movements of progression were observed to 
occur spontaneously. They were also elicited by oc- 
cluding the umbilical cord, thus inducing a state of 
asphyxia. 

In 1929 Langworthy observed the behavior of six 
fetal cats which were near term.^® The experimental 

^“The major aspect of this study is concerned primarily with the 
study of the behavior of kittens from the time they are less than a 
day old to kittens 57 clays old. Tilncy and Casaraajor (66) have 
also reported work on the development of behavior in kittens corre- 
lated with the myelinization of tracts in the nervous system. 
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FIGURE 5 

Rrsi^onsrs and Characteristics Fetal Guinea Fios Arnm 
the Fortv-eifth Gestation I^av 
A(^e indicates length of gestation period. No. indicates mother^s 
numerical designation; young motlier. Weight and length are 
given for each fetus. Responses and characteristics are numbered 
from bottom to top in eenetic order of appearance. 

[Froni G. T, Avery^s (9) “Responses of Foetal Guinea-Pigs Pre- 
maturely Delivered/’ GeneL PsychoL Monog^j 1928, 3, 301,] 
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technique was, in some respects, like the one used in the 
present study on the behavior of the fetal cat. Each 
fetus was decerebrated by Langworthy immediately 
upon shelling it out into the salt solution and before the 
observations began. One important fact issues from this 
study of fetal cats. Langworthy does not confirm 
Brown’s observation of progression in the cat fetus. 
“Well coordinated alternate beats of the fore legs oc- 
curred, but the movements of the hind legs were less 
active and poorly coordinated. A study of progressive 
movements of new-born kittens shows indeed that 
Brown’s findings were not accurate in this regard. For 
kittens are several days old before the four extremities 
beat in a well-timed rhythm” (38, p. 144-). 

More recently a systematic but relatively incomplete 
study of the fetal movements of the cat has been re- 
ported by Windle and Griffin (70). Successful ex- 
periments were conducted with the decerebration tech- 
nique upon 16 pregnant cats whose time of copulation 
was known. Seventeen other animals were also ex- 
perimented with but the time of copulation was not 
known. Of the 16 successful experiments the behavior 
of the fetal cats was observed beginning with the 21st 
day (copulation age) and extending through the 36th 
day. Two experiments comprised the observations 
made from the 36th day to the time when kittens are 
normally delivered at birth. These consisted of ex- 
periments with one 42nd- and one 49th-day animal. 
Various methods were used for studying the fetuses. 
Some of the cat fetuses were observed while still in the 
amnion and apparently not in the physiological salt 
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solution. Others were studied in a pan of warm physio- 
logical salt solution. These authors are not clear as to 
which method was used in each case (70, p. 1S2) . 

The accompanying chart (Table 3) conveniently 
summarizes the results of the successful observations 
with animals whose copulation ages were definitely 
known.^"* From this chart it can readily be seen that the 
development of behavior follows a cephalocaudal 
course. Further, the behavior of the fore- and hind 
limbs develops proximodistally, as an inspection of the 
chart will demonstrate. This chart tends to mask the 
fact of gradual increase in the development and inte- 
gration of behavior, but the authors include this point 
in the description of their results (70, pp. 154-168). 

Only incidental observations were made of the de- 
velopment of sensitivity to mechanical stimulation. 
"The first reflexogenous zone .... included the nose, 
ears, and, in general, most of the head , . . . Gradually 
the area spread caudally to the neck, pectoral region, 
fore limbs, trunk, hind limbs, and, finally, the tail" 
(70,p.l7S). 

Windle and Griffin failed to observe movements of 
running or walking. This fact is significant in this case 
because their observations, too, agree with the observa- 
tions of Langworthy and fail to confirm the observa- 
tions made by Brown. 

Holt (31, p. 42) cites the fact that Richter "has made 
extensive observations on cat, dog, and rabbit fetuses 

^‘^This chart was mocli'ficd from the one which may he found in 
Windle and Griffin^s article (70, p. 166). It docs not include the 
results of observations of fetuses whose copulation age was unknown, 
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enucleated several days before birth, . , . The only 
published references to this fact which the writer has 
been able to find are a monograph and a short article 
(58, p. 42; 59, pp, 724-728). Richter says, "We found 
recently in a series of experiments on the behavior of 
fetuses (cats) still attached to the cord that stimulation 
of the stomach or intestine (slight pinching) elicits 
very vigorous movements of the entire body.” Also, 
"I have observed it [sucking activity] in a number of 
rabbit fetuses about 20 days old” (59, p. 728). 

6. The Tinman Fetus. That the human fetus is ca- 
pable of movement during its intra-uterine life is, per- 
haps, generally known today. Awareness of this fact, 
as expressed in the literature, may be traced back to a 
time as early as Aristotle (24, Book VII, pp. 18.3, 185, 
190). Undoubtedly many isolated observations of the 
movements of the human fetus may be found scattered 
through the literature; particularly, perhaps, reports of 
single cases in which observations were made by medi- 
cal men. A few unsystematic observations are cited 
generally in the more recent literature pertaining to this 
problem. Such isolated observations, among many 
others, have been reported by Erbkam (27), Zuntz 
(74), Strassmann (60), Yanase (73), Krabbe (35), and 
Woyciechowski (71), 

Perhaps the only attempt to trace systematically the 
development of behavior in the human fetus is admir- 
ably demonstrated by the recent investigations of Min- 
kowski (46-52). Less extensive observations have also 
been reported by Bolaffio and Artom (13) . 

Using a local anaesthetic, Minkowski delivered, by 
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Caesarean operation, 22 human fetuses for study. In 
four additional cases the fetuses were delivered under 
general ether-chloroform narcosis. The umbilical 
circulation was maintained intact and the fetus was 
placed in a vessel of 40” C. physiological salt solution. 
This solution was renewed from time to time in an at- 
tempt to keep the temperature constant. 

The youngest fetus investigated measured 5 cm. in 
length. Its age was estimated, on the basis of physical 
growth charts, to be approximately two months. The 
oldest fetus investigated measured 32 cm. with an esti- 
mated age of 6 months. 

Minkowski has recorded his observations of the 
movements of the human fetus under the following 
headings: 

1. Movements of the head, trunk, and extremities 

2. Reflexes 

a. Skin reflexes 

b. Tendon reflexes 

c. Deep neck reflexes 

d. Labyrinthine reflexes 

3. Mechanical muscle irritability 

4. Heart beat 

5. Relation of movements to fetal nervous system 

! 

Minkowski has not systematically classified the ob- 
served movements of the human fetuses according to 
their ages. He has given a summarized description of 
the behavior of the human fetuses and only incidentally 
did he point out differences in behavior with increase 
in gestation age. The dominant feature of the move- 
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ments of the younger fetuses seems to be characterized 
by their diffuseness and variability. In older fetuses 
the behavior becomes less variable, assuming a more 
regular character, and the tendency of excitation to 
irradiate or spread to other parts of the body tends to 
disappear. 

Minkowski has given us a vivid description of the 
movements of the head, of the trunk, and of the ex- 
tremities. "The head turns to one side or to the other, 
is raised or lowered, the trunk bends and straightens 
again, and the extremities are raised or lowered, are 
flexed or extended, they withdraw from the trunk or 
are drawn to the trunk, or movements of rotation are 
made outward or inward. These movements are slow, 
unsymmetrical, arhythmic, uncoordinated, diffuse and 
amorphous, of small amplitude, and with a tendency 
of the members to return to the position from which 
they started; they extend to a single articulation (for 
example, to the shoulder, to the elbow, to the wrist, to 
the hip, to the knee, etc.) or to several, to a single mem- 
ber or to several members simultaneously, sometimes it 
is the proximal part of the extremities which is most 
active, and sometimes the distal part; in one case (in an 
8.S cm. fetus) I have observed small, isolated move- 
ments of the fingers as well as a rapid trembling of the 
thumb; in another (20 cm.) also movements of the 
fingers. . . , From time to time, especially when one ap- 
plies external stimulation, these small and slow move- 
ments nre cut in upon by movements stronger and more 
rapid, more intense, and of a greater amplitude, . . . ; 
this type appears more frequently in the older fetuses 
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(from 4 to 5 months) whose movements show at the 
same time an increasing tendency to assume a more 
regular character, the two arms or the two legs moving 
ill a manner more or less coordinated, simultaneous or 
alternating” (48, p. 1111-1113). 

Tactual stimulation of the under lip or tongue re- 
leased mouth movements; brushing the ’abdomen eli- 
cited contraction of the skin; and touching the still 
closed eyelid released a contraction of the orbicular 
muscle. 

From the investigation of the skin reflexes, Minkow- 
ski concludes: "In general one can say that each part 
of the skin can serve as a reflexogenous zone of very 
variable motor reactions, remote or near, having the 
tendency to irradiate more or less to the whole of the 
fetal organism. In the older fetuses examined (3 to 
5 months) the motor reactions determined by external 
stimulation are somewhat more constant, and their ten- 
dency to irradiate to other members is somewhat less 
pronounced, the stimulation of one hand, for example, 
sometimes determines a reaction which is limited to 
the stimulated arm, but which, nevertheless, is very 
variable. . . (48, p. 1112). 

The reflexes released by stimuli of deep sensibility 
produced by changes of the head in relation to the 
trunk were very variable, becoming more constant with 
increase in age, and occasionally the opposite effects 
were recorded under appropriate stimulation. 

Movements were also elicited by passive changes of 
the body of the fetus in space. But these so-called laby- 
rinthine reflexes, like all the other reactions investigated 
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in the human fetuses, were very variable, with a strong 
tendency of the excitation to irradiate to other members 
of the fetal organism. 

The heart beat of the human fetus was found to be 
quite labile. Under some conditions the beat of the 
heart would increase from 80 to 108 beats a minute. 

Minkowski concludes from operative experiments on 
the fetal nervous system that all of the observed fetal 
activities are spinal in character. For even after sever- 
ence of the two cerebral hemispheres ail of the observed 
characteristics persisted. 



IV 

EXPERIMENTAL DATA 
A . Newborn Kittens 

In order better to appreciate the full significance of 
the development of behavior in the embryonic and fetal 
cats, the writer thinks it advisable to present first a de- 
scription of one litter of kittens whose behavior was 
observed shortly after birth. 

The kittens were found delivered in the morning. 
They were still attached to the placenta; the umbilical 
cord had not yet been severed. The experimenter then 
severed the cord of each kitten. 

When taken away from the mother the kittens cry 
lustily. They continue to cry as long as they are away 
from the mother. These cries may be characterized as 
shrill, piercing cries. As soon as the kittens find the 
mother the crying ceases and the kittens feed. When 
tile kittens attach themselves to the nipples they hang 
on with great tenacity. If the mother is lifted into the 
air the kittens continue to hang on for a few seconds. 

At this stage of development the kittens are trembling 
and shaking. When they make progression movements 
their heads go to one side and to the other as if search- 
ing out one side and the other. Their heads and chests 
are held off the ground but their bellies are touching 
the ground. Their rumps are slightly supported by 
their hind legs. Their posture is not so precarious as 
it may seem, however, for it is disturbed only by a strong 
push. Their legs are strong and partly support the 

[ 331 ] 
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weight of their bodies. They also help in maintaining 
their bodily posture. Their legs are not rigid as is the 
case in the adult cat in maintaining posture. Their legs 
are down flat agai/ist the ground and slightly off at an 
angle from the body. Their bodies tremble and their 
tails are constantly twitching and straightening out as 
changes in position occur. When the kittens tend to 
lose their equilibrium their tails straighten out and 
come up dorsally. Apparently their tails are used as 
though to help maintain posture. Characteristic posi- 
tions are assumed by the tail as the kittens move or 
progress. 

When the kitten is stationary and turns it head to the 
left and then starts to move in that direction the tail 
curves over to the left. The tail is kept approximately 
in that position until some change in orientation is 
brought about. Now when the kitten stops turning and 
moves in a forward direction the tail comes back from 
the rump. The tail is raised slightly so long as the 
kitten progresses in a forward direction. The tail 
moves to the left or to the right as the head moves to 
the left or to the right in this forward progression. If, 
now, the direction of progression is to the right the head 
comes around to the right and the tail curves around 
to the right. The tail remains in this position until the 
direction of orientation is again changed. This be- 
havior is very similar to the corresponding fetal be- 
havior as it was observed in the late fetal stages. Some- 
times this observed correlation does not strictly hold. 

The leg movements which are involved in progres- 
sion seem to occur in the following manner. The legs 
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are down flat against the ground and slightly off at an 
angle from the body. In progression the body is 
slightly raised off the ground. The body trembles. As 
the kitten progresses, there are times when definite co- 
ordination between the forelegs and the hind legs is 
observed. This is not always the case, however. Gen- 
erally the hind legs are thrust out together in a push 
and then brought up to or toward the belly, producing 
a hopping effect which resembles the hop of a rabbit. 
In every case, however, the forelegs are alternately co- 
ordinated; first one is thrust out and brought down 
laterally, the other remaining in a flexed position. Then 
the other, until then flexed, is thrust out and the previ- 
ously extended one is flexed, and so on. The leg move- 
ments are flat, paddle-like thrusts which come down 
laterally. The forelegs are much better able to support 
the body than are the hind legs. 

When the kittens are taken away from the mother 
they cry lustily and vigorously, moving about rest- 
lessly. If the mother is prevented from gathering them 
up an interesting phenomenon is observed. The kit- 
tens’ orientation to the mother by means of vision is out 
of the question at this time. Their eyes are not yet 
open. The kittens may be as near as two inches to the 
mother and yet her purr, which is definitely audible to 
the experimenter, is not apparently a directing stimulus 
in orienting the kittens to the mother. At this time the 
external auditory meatus is not open. 

Finally, there is one source of stimulation which 
seems to aid the kittens to orient to the mother and even- 
tually to find the nipple. The source of this stimu- 
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lation seems to be the contact with the mother’s fur. 
Possibly, also, temperature is a contributing factor. 
So long as the kittens arc not in contact with the 
mother’s fur they wander around aimlessly. They come 
in contact with the mother’s fur by what seejns to be 
sheer chance. When this happens a definite change in 
their behavior occurs. Forward progression takes 
place and the kittens burrow into the mother’s fur, 
making, at the same tinoe, slde-to-side head movements 
until they find the nipple. Unless it is by chance the 
kittens do not come in contact with the nipple at once. 
By making these side-to-side movements they eventu- 
ally come upon the nipple. 

Apparently only cats will bring about behavior such 
as that noted above. Absorbent cotton was used and 
the kittens were allowed to come in contact with it. 
Only definite avoidance responses were elicited. For- 
ward progression or burrowing was not observed. An- 
other female (pregnant) was brought in and the kittens 
were allowed to come in contact with the fur. Bur- 
rowing movements and forward progression were ob- 
served. The kittens were next tried with a male cat. 
Similar responses were observed. An adult white rat 
was next used. It is doubtful whether the responses 
which were elicited were of the progression and bur- 
rowing type. Apparently, then, only contact with the 
fur of the cat (possibly temperature also) serves as 
the effective stimulus in orienting the kittens toward 
the mother. 

When the three kittens were allowed on the towel 
(used as bottom padding) occasionally they came to- 



DEVBLOPMBNT OP BEHAVIOR IN THE PETAL CAT 335 

gether. They burrowed into one another and climbed 
over one another. These newborn kittens are very 
strong and are able to climb with a fair degree of pro- 
ficiency. One of them chanced to appoach the mother 
who was lying on her side. The kitten started to bur- 
row into the fur and then climbed up over the mother 
making alternate coordinated movements of the fore- 
legs and of the hind legs. It succeeded in climbing 
the side of the mother only part way and then fell to 
the floor. [Compare these descriptions with those found 
in Tilney and Casamajor (66), Langworthy (38), and 
Windle and Griffin (69).] 

B. Observations of the Embryonic and Fetal 

Behavior 

The following data are compiled from the writer’s 
protocols and from the motion-picture records secured 
during the course of this investigation.^® The motion- 
picture records^® of the fetal behavior proved to be an 
invaluable aid and an important adjunct to the writer’s 
observations. Without the motion-picture records, 
much of the minute and detailed analysis of the ob- 
served behavior would have been impossible, conse- 
quently masking, to a certain extent, some of the dyna- 
mic processes of the developing behavior of the fetus 

^®Thc writer here wishes to express his indebtedness to Professor 
Schlosberg of the Department of Psychology for devising the tech- 
nique and for his assistance in taking the photographic sequences* 

^^About 2500 feet of film were used. From this amount of film 
the writer selected and edited a 400-foot reel. This reel is accom- 
panied by a descriptive pamphlet and is distributed by the C. J, 
Stoclting Company, Chicago, Illinois (23). 
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of the cat. For the motion-picture records made it pos- 
sible, in a modified form, to repeat the experiment as 
many times as the writer desired by simply projecting 
again and again the various photographic sequences at 
any desired developmental stage. 

In the description of the developmental stages which 
follow only those behavioral characteristics will be de- 
scribed which were observed for the first time at each 
stage. Unless it is otherwise stated, it will be under- 
stood that each successive stage described includes the 
behavioral reactions which were observed in all the 
preceding stages. 

21-22~Day Stage, There was no observable behav- 
ior present at this stage of development. The heart 
beat was, however, observed through the transparent 
membrane directly over the heart 

23~Day Stage, An almost imperceptible retraction 
of the forelegs was possibly observed. This tvas 
elicited only when the head, the shoulder, or the paw 
was stimulated with a camel’s-hair brush. Spontan- 
eous behavior was also observed. It consisted of a 
possible retraction of the forelegs and a barely percep- 
tible bending of the head from left to right. The 
head movement was definite. 

The behavior of the embryos at this stage of devel- 
opment was weak and of short duration. After the 
embryos were shelled out into the saline bath it was 
possible to elicit reactions for only about five minutes. 

24-Day Stage. Head movements were observed. 
These consisted of bends to one side. At the same 
time there were also weak movements of the forelegs. 
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Stimulating the right shoulder with the brush elicited 
a slight forward twitch of the right foreleg. There 
was some doubt as to whether “serpentine” behavior 
was observed. 

25- Day Stage. After the first embryo was shelled 
out into the saline bath, spontaneous activity occurred. 
There was a slight bending of the head to one side 
and a weak flexion of the forelegs. The forelegs 
moved as units with no observable flexion at the elbow 
or wrist joints. The trunk moved slightly to the right 
or left, Active movements of the hind legs were not 
observed except as they swayed along passively with 
the rump movement. The embryo was still contained 
within the amniotic sac. 

With the embryo still within the sac, the head, near 
the right ear, was touched with the brush. The head 
moved slightly to the left and returned to position 
again. The forelegs moved as units with no flexion 
at the wrist or elbow. What appeared to be a wave 
of muscular contraction passed from the head down- 
ward to the rump. The rump turned left or right. 
The hind legs moved passively as a part of the rump 
movement. 

Stimulating the shoulder, the crown of the head, 
and the side of the body near the shoulder elicited 
the same type of behavior just described. However, 
stimulating from below the shoulder down to the rump 
elicited no observable behavior. 

26- Day Stage. With the fetus in the amniotic 
sac, the brush was applied behind the right ear. The 
head turned to the left and returned to position again. 
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The whole body bowed with a pronounced downward 
dip of the head. This was followed by a slight exten- 
sion of the head in an upward movement. The right 
foreleg hexed slightly, then immediately stretched. 

The same fetus was shelled out of the amniotic sac 
and the brush stimulus was applied to the mid-dorsal 
region of the back. Body extension was observed. 
The left foreleg stretched while the right foreleg 
flexed. There was a weak alternation of extension and 
flexion in the forelegs. The head twisted to the left 
and came back to position. The rump swayed to the 
right slightly. 

28~Day Stage. The brush was applied to the left 
ear. The head rotated weakly from left to right. At 
the same time the left foreleg flexed weakly. When 
the brush was applied slightly below the left ear there 
was a weak extension of the left foreleg followed by a 
downward lateral movement. There was also a feeble 
upward movement of the left hind leg toward the head. 
A weak electrical stimulus was applied to the top of 
the head near the neck. The head jerked weakly. The 
head bowed chestward. The left foreleg extended and 
moved slightly toward the side of the face. When 
the electrical stimulus was applied to the rump the 
left foreleg came down laterally toward the rump. 

Another fetus was shelled out into the saline bath. 
It was not removed from the amniotic sac. Behavior 
was observed with no direct stimulation by the ex- 
perimenter other than the necessary handling in re- 
moving it from the uterus. Weak movements of rota- 
tion of the head to the left and to the right were 
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observed; also up-and-down movements of the head. 
The forelegs moved but without flexion at the wrist 
or at the elbow. 

It was observed in these fetuses that when stimuli 
were presented in quick succession the responses dis- 
appeared. After a short lapse of time response to 
stimulation reappeared. 

2Q-Day Stage. After the first fetus was shelled 
out of the uterus and while still contained within the 
amniotic sac, movements were observed. These con- 
sisted of a slight rotation of the head to the left and 
to the right with a weak paddling or alternate beating 
of the two forelegs, articulation occurring at the shoul- 
der but not at the elbow or at the wrist. A body twist 
started at the head and progressed caudad to the rump 
involving the whole body. As the rump twisted left 
or right the two hind legs passively moved along with 
it. This fetus was then delivered out of the amniotic 
sac into the saline bath and movements in response to 
experimental stimuli were observed. 

The rump was lightly touched with the brush. A 
roll of the rump and an extension of the hind legs in 
a slight downward thrust was observed. Simultaneous 
with these movements of the hind legs a feeble twitch 
of the tail was also noted. At the same time the body 
as a whole stretched. The forelegs were extended, 
coming down laterally toward the rump. The head 
jerked weakly upward and dorsally. There followed, 
after these movements, a weak twist in the form of 
an S, starting at the head and passing continuously 
caudad to the rump. 
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The brush was applied to the left shoulder. This 
elicited a slight lateral flexion of the left foreleg which 
then relaxed to the starting position, 

The brush was passed along the mid-dorsal line 
of the back as far back as the hind legs at the hips. 
The body stretched and there was a simultaneous ex- 
tension of both hind legs in a weak caudal thrust. The 
forelegs were extended and beat alternately. Then, 
starting at the head, the S- reaction was observed. 

The brush was applied to the right shoulder. The 
right foreleg was extended and brought down laterally 
and caudad with articulation occurring at the shoulder 
only. 

The skin was brushed lightly at the side near the 
left shoulder. This elicited a weak twitch of the 
skin in a direction toward the rump. Brushing the 
skin near the middle of the trunk at the side also 
elicited a weak twitching of the skin. Twitching of 
the skin could not be elicited when it was stimulated 
below these points. 

The brush was applied to the left side of the face. 
The head twisted to the right. The two forelegs came 
up toward the side of the face. The left hind leg 
flexed slightly and came up toward the side of the 
body. The body stretched and twisted in the char- 
acteristic S-reaction, starting at the head and passing 
to the rump. 

Brushing the left ear elicited the same general type 
of behavior as when the side of the face was stimulated, 

The paws of the legs were stimulated with the brush. 
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There was no observable response by any paw or any 
other part of the body. 

The crown of the head was stimulated with the 
brush. The head bowed toward the chest and twisted 
to the right weakly. 

The brush was applied to the mouth. The head 
twisted to the side, but no movements of the mouth 
or of the tongue were observed. 

The right foreleg was brushed lightly. The only 
movement observed in response to this stimulation was 
a forward twitch of both forelegs in a direction toward 
the head. The stimulus was repeated with the same 
result. 

The brush was applied from just below the right 
shoulder along the mid-line of the back to a point 
half way down the back. The body as a whole stif- 
fened. The head jerked ahead and slightly upward 
dorsally. As the head jerked upward the two forelegs 
were extended and thrust downward and immediately 
brought upward toward the face. With this upward 
movement of the legs the head came down ventrally 
so that it was between the two forelegs which then 
relaxed to the normal resting position. 

What may be termed a “premature breathing" move- 
ment was observed to occur spontaneously. The head 
dipped toward the chest and was followed by a pro- 
nounced contraction near the umbilical cord and by 
an opening and closing of the mouth. These “pre- 
mature breathing” movements were also observed to 
occur upon stimulation of other parts of the body. 

In this experiment, unless the fetus was directly 
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Stimulated, it remained, for the most part, quiet and 
motionless. 

30-Day Stage. The brush was applied to the left 
ear of the fetus while it was still contained within the 
amniotic saq. A wave of movement spread from the 
head region to the rump in a serpentine, sinuous fash* 
ion. The head bowed toward the chest and then came 
up, rotating to the left and to the right. The two fore- 
legs were thrust out extended and paddled in a weak 
alternation. The rump twisted and turned to the left 
and to the right. This rump movement seemed to 
involve the upper trunk as well as the posterior half 
of the fetus. The two hind legs came up toward the 
side slightly. Simultaneous with the twisting move- 
ments of the rump the tail twitched weakly. This 
swaying and twisting of the rump, which involved the 
upper trunk as well as the rump and the lower trunk, 
seemed to be a characteristic type of behavior observed 
at this time. 

While the fetus was still in the sac it showed active 
spontaneous movements. The mouth opened and 
closed with a protrusion and retraction of the tongue. 
The left forepaw came up to the mouth with possible 
flexion at the wrist. The paw came to rest in the 
mouth but there did not appear to be any sucking 
movements. The body stretched. The head was 
raised and was twisted to the left and to the right 
with both forelegs alternating in paddle-like move- 
ments. The rump curved inward toward the belly, 
the hind legs and tail swaying along with the rump. 
The right foreleg was brought up to the side of the 
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face with flexion occurfing at the elbow and at the 
wrist. 

31-Day Stage. The fetus was still contained within 
the amniotic sac. Behavior was observed without the 
direct application of an external stimulus. The be- 
havior of this fetus differed very slightly from that 
observed in the preceding stage. When the motion- 
picture records of the two stages were studied it was 
almost impossible to distinguish the one stage from 
the other. Except for two items of behavior : — back- 
arching and the C-reaction — the 30- and 31 -day stages 
were practically identical. 

"Premature breathing” movements were again ob- 
served. The head dipped toward the chest, and the 
mouth opened. The thorax contracted. The forelegs 
were thrust out and the hind legs were flexed, coming 
up toward the forelegs. The back arched dorsally. 

The lips of the fetus were touched lightly with the 
beaded tip of a glass rod. The mouth opened and the 
lips appeared to purse around the glass tip. Then 
the mouth closed, These were, possibly, sucking move- 
ments. 

The first elements of the C-reactlon were probably 
present in the 30-day stage. However, most of the 
body twisting was of the serpentine type. At this 
stage the serpentine type of behavior seems to be dis- 
appearing and the animal seems almost to coil itself 
into a bilateral “C.” This type of reaction was care- 
fully studied from the motion-picture records both 
from still frames and from frames in motion. In many 
cases when the fetus was stimulated the C-reaction 
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was the characteristic type of behavior. One example 
will describe this type of behavior adequately. 

The mid-line of the back just above the rump was 
lightly brushed. The head jerked upward dorsally. 
Then the head dipped downward to the chest and 
twisted to the left. It then unfolded from this twist 
and began to bend to the left. After tlie head had 
started to bend to the left the rump began to follow and 
bend to the left, the trunk curving at the middle until 
a "C” was formed, the ends of which were wide. As 
the head bent over, the forelegs were slightly extended 
and became flexed when the "C” was formed. The next 
step in this form of behavior was the reversal to the 
other side. The head was raised slightly and bent to 
the opposite side with the forelegs slightly extended. 
When the head reached the normal position (a position 
in a straight line with the body) the rump straightened 
out from the curved position. As this was being done 
the head bent to the opposite side and was immediately 
followed by the rump, thus forming another “C” again. 
This was repeated several times until the fetus came to 
rest. This C-reaction was smooth and continuous and 
was bilateral in nature. It was elicited when the fetus 
was stimulated in almost any part of the body above the 
rump. 

32-Day Stage. “Premature breathing" movements 
were observed and were carefully analyzed. There 
Avas first a contraction of the abdomen at the point 
where the umbilical cord connects with the fetus. This 
contraction occurred and the back arched. Then the 
head dipped ventrally toward the chest. The mouth 
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opened slightly in a gasping manner simultaneous with 
the umbilical contraction. There was also a slight con- 
traction of the thorax. The head returned upward to 
the normal resting position, and the back, which, until 
then, had been arched, straightened out. Sometimes 
these “premature breathing” movements, starting at the 
umbilical cord, occurred but also involved the fore- 
legs, which beat alternately in a paddle-like fashion. 
The trunk twisted and rolled in the characteristic C-re- 
action. The fetus did not roll or twist so that it came 
to lay ventral side downward. The hind legs and the 
posterior part of the fetus did not participate in these 
reactions. 

Upon the application of the stimulus (the brush) 
these “premature breathing” movements were also eli- 
cited in addition to other behavior. 

The left foreleg was pinched with a pair of tweezers. 
Immediately the entire body stretched. The leg 
pinched was flexed sharply and the opposite leg was 
extended. The two legs twitched synchronously but 
weakly. The tail twitched and curved laterally 
slightly. After the opposite leg stretched the left fore- 
leg stretched so that both forelegs were extended. The 
head rolled and twisted to the left and was raised 
slightly laterally left and upward. Then the head came 
back to the resting position with the forelegs flexing at 
the elbow. 

Upon the application of the stimulus, the “premature 
breathing” movements described above were elicited. 

The left hind leg was pinched with the tweezers, 
The hind legs twitched simultaneously with a weak ex- 
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tension followed by a slight flexion. As soon as this leg 
was stimulated there was a sharp lively extension of the 
upper part of the body. The two forelegs twitched and 
stretched. The left foreleg was flexed at the elbow and 
was brought down laterally toward the rump. The 
right foreleg stretched. The head jerked slightly and 
twisted to the left and to the right. “Premature breath- 
ing’* movements were also observed here. In the body 
extension the back bowed ventrally (caved in) . 

The side of the body near the hip was pinched with 
the tweezers. The two hind legs were stretched weakly 
and synchronously. The tail twitched and straightened 
out horizontally and returned to a curved position be- 
tween the two hind legs. 

The tail was pinched lightly. The tail straightened 
out horizontally and then was curved downward and 
laterally. 

When the forelegs were grasped with the tweezers 
and held there was a weak attempt to “free” the leg 
which was held. However the opposite leg was not 
brought over to help in this attempt to “free” the leg 
wliich was held with the tweezers. 

34~Day Stage. The only new items which were ob- 
served at this stage were pinna movements, sucking 
movements, and a variation of the “freeing” reaction. 

When the ears were touched lightly with the brush 
or when the ears were pinched lightly with the tweezers 
the pinna was observed to twitch weakly. 

The left foreleg was grasped firmly and held with 
the tweezers. There was a strong pull on the tweezers 
in an attempt to flex the leg. The right foreleg was 
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vigorously extended. The tail twitched slightly and 
the hind legs flexed weakly. The opposite forepaw was 
brought over to the left leg and attempts were made to 
“free” the leg which was held. The head twisted to the 
left. When the leg was released from the tweezers the 
two forelegs were brought up to the side of the face 
and the head was twisted to the left and raised slightly 
laterally. 

The brush was placed at the tip of the mouth. At 
first there were definite attempts at sucking which were 
followed by avoidance movements of the head away 
from the stimulus. The two forepaws were brought 
up to the mouth and pushed or pawed at the brush. 
The head then twisted and turned away from the brush. 

36-Day Stage. The left foreleg was lightly stroked 
with the brush. The left leg was immediately flexed 
and was then returned to the normal resting position. 
No other part of the body was involved in this move- 
ment. It was a simple and isolated movement of the 
foreleg alone. When the forelegs were brushed more 
strongly the resulting behavior was distinctly different. 
The left fore-leg kicked out sharply and the toes of the 
foreleg were observed to spread. The opposite or right 
foreleg was flexed and pulled to one side. Then the 
two forelegs were extended and brought up and over 
the sides of the face. The forelegs then beat alternately. 
The two hind legs were flexed slightly and then kicked 
out sharply. As the hind legs were flexed, the tail 
curved along with them. When the hind legs kicked 
out, the tail, which until then was curved, straightened 
out horizontally. The tail then returned to the curved 
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position as the legs returned to the normal resting posi- 
tion. 

The base of the ear was slightly brushed, There was 
no observable response made to this stimulation. It was 
tried again later. This time a response occurred which 
might be interpreted as the beginnings of the scratch 
reaction. The left hind leg was flexed sharply and 
was brought up to the side but without touching it. 
This flexion was the only thing observed and it was not 
repeated. It was also observed that the flexion of the 
hind leg involved flexion at the knee. 

These fetuses were delivered into the air also. After 
the observatio2is had been completed the umbilical cord 
was ligated and severed. The fetuses were delivered 
onto an electric heating pad. The pulsations of the 
heart could be seen with the naked eye. The fetuses 
did not start and maintain respiration. Several gasping 
and convulsive attempts to breathe were made which 
were similar in character to the ^‘premature breathing" 
movements of the fetuses when they were in the physio- 
logical salt solution. The strength and amount of re- 
sponse of these fetuses began to die down and as time 
passed they became less and less active until it was im- 
possible to elicit any movements even with the strongest 
stimulation. This loss of activity could not have been 
due to lack of heat because that element had been pro- 
vided. At this stage the skin began to dry and shrink. 
But one of the fetuses was held in the experimenter’s 
hand and its body was immersed in the physiological 
salt solution, care being taken to keep its mouth and 
nose above the solution. Under these circumstances the 
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same gradual loss of activity was observed. After ap- 
proximately 20 minutes the heart ceased to beat also. 
If respiration in a regular and continuous manner can- 
not be set up in these fetuses at this stage then the grad- 
ual loss of activity must be attributed to this fact, 

38~Day Stage. The fetus was lying oh its right side. 
The left foreleg was pinched with the tweezers. The 
left foreleg was flexed sharply. The right foreleg was 
thrust out straight from the body sharply and vigor- 
ously. At the same time the head was jerked upward 
and dorsally and slightly to the right. The whole body 
stiffened with a jerk. The two hind legs were thrust 
out away from the rump, while the tail, which, until 
then, was curved under and between the hind legs, was 
straightened out and was curved slightly dorsally. Af- 
ter the flexion and extension of the forelegs there oc- 
curred alternate paddling movements of the forelegs, 
together with a twisting and turning of the head. Then 
the hind limbs were flexed and the tail came back to 
the partially curved position. The body of the fetus as 
a whole relaxed. 

The left hind leg was pinched with the tweezers. 
The left hind leg was flexed sharply with flexion occur- 
ring at the ankle and at the shoulder. The right hind 
leg was extended and was thrust out sharply and vigor- 
ously. Then the left hind leg was extended so that the 
two hind legs were extended. The tail twitched and 
straightened out, curving dorsally slightly. The whole 
body of the fetus stretched and stiffened with one pull- 
ing movement in such a manner that the fetus was 
pulled forward. The back caved in and the head was 
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jerked outward and upward dorsally, simultaneous 
with the stretching of the body. The head rolled 
slightly to the right and then back to position again. 
The two forelegs were first thrust out sharply and bC’ 
fore complete extension was attained were pulled down 
in a stiff paddle-like fashion laterally and toward the 
hind legs. The mouth opened and closed and contrac- 
tions were observed at the thorax but more predomi- 
nantly at the abdomen near the umbilical cord. 

In the stimulation of both the fore- and the hind 
legs there were alternate paddling thrusts and flexions 
of the fore- and the hind legs. These movements were 
somewhat more precise and sharp in the forelegs than 
in the hind legs. In the forelegs there appeared to be a 
fair degree of coordination in the paddling movements, 
whereas the hind legs lacked this degree of coordina- 
tion. The hind legs more often worked synchro- 
nously than in alternation. In no case were these move- 
ments of the fore- and of the hind legs observed so that 
the fore- and the hind legs were coordinated as in walk' 
ingj i.e., left fore-, right hind, and right fore-, left hind. 

The left ear was brushed. The pinna twitched. 
The body as a whole stiffened with a jerk, the back 
caving in. The head twisted to the left. The two fore- 
legs were thrust out sharply and were then flexed. 
As the head twisted to the left, the right foreleg which 
was flexed was brought over to the neck under the chin. 
The left foreleg was brought over to the side of the face 
between the eye and the mouth. The hind legs kicked 
out. The tail straightened out and curved slightly dor- 
sally. When the left foreleg was brought over to the 
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side of the face, the squirmings and twistings of the 
fetus brought it about that the left foreleg came in con- 
tact with the mouth which was opening and closing. 
When the forelegs came in contact with the mouth the 
tongue pursed around the left foreleg, the mouth closed, 
and apparent sucking or biting movements resulted. 
The left foreleg was then released and the right fore- 
leg was then brought over to the mouth and the biting 
or sucking movements occurred again. In the mean- 
time, the leg which was not in the mouth was extended 
and the fetus stretched and squirmed. Spontaneous 
twitchings of the pinna were also observed to occur. 

The scratch reaction (or the rudiments of the scratch 
reaction) was elicited. When the ear, the nose, the 
mouth, the sides of the face, and the sides of the body 
were brushed the hind leg on the same side was flexed 
and brought up toward the spot stimulated, executing 
several thrusting beats. 

When the brush was lightly applied to the forepaw a 
flexion of that leg alone occurred. If the stimulation 
was more intense, however, diffuse and massive move- 
ments of the body resulted. 

The movements which have been described and 
which were elicited by the application of a definite 
stimulus were also observed to occur spontaneously, 
i.e., the stimulus for these movements was not known 
or was not externally present. A description of one 
case will give a general idea of the type of behavior 
which was observed. 

The fetus was lying on its side. The body of the 
fetus as a whole jerked and stiffened. The back caved 
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in and the head jerked upward and dorsally. The two 
hind legs kicked out while at the same time the tail 
straightened out and curved slightly dorsally. The 
two forelegs were extended vigorously and paddled 
alternately but never in coordination with the paddlings 
of the hind legs. The fetus twisted at the shoulder left 
and right while the rest of the trunk swayed to the right 
and to the left but did not twist, Then the fetus turned 
and twisted over so that the anterior portion (shoulder 
upward) was dorsal side up, head down, and forelegs 
flexed under up at the breast. The rest of the body 
twisted over so that the whole fetus was dorsal side up 
toward the experimenter who was viewing from above. 
In this position the forelegs and the hind legs beat 
alternately but not in coordination. Then the fetus 
rolled onto its side again with twisting, squirming, and 
rotation movements of the trunk, and with stretching 
of the legs, body, and head. The mouth opened and 
closed and contractions occurred at the thorax and at 
the abdomen. The pinna was observed to twitch. In 
some cases where spontaneous movements were ob- 
served to occur the forelegs of the fetus came in contact 
with the mouth and the sucking, biting behavior de- 
scribed above was again observed. 

The spontaneous behavior was not always as massive 
and as diffuse as in the case described. In some cases 
the spontaneous behavior amounted only to twitchings 
or slight movements of the head, the forelegs, the hind 
legs, or the tail. 

40-Day Stage. The upper (dorsal) side of the left 
forepaw was lightly brushed. The paw was extended 
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at the wrist, snapping up toward the stimulus. This 
movement was confined to the wrist only. The lower 
side of the forepaw (the toe pads) was also lightly 
brushed. The paw flexed at the wrist and snapped in 
the direction of the stimulus, coming toward the belly. 

The brush was applied to the left hind leg. The leg 
was flexed slightly. No other part of the body was 
involved. This was an individualized movement of 
the hind leg alone. 

The vibrissae were lightly touched with the camel’s- 
hair brush. There was a twitching of the underlying 
musculature which made the vibrissae move. 

Stimulating lightly with the brush any part of the 
lateral skin surface between the shoulders and the rump 
elicited a twitching of the skin. This twitching of the 
skin had its source at the fold of the skin between the 
thigh and the side of the body. The twitching ex- 
tended downward at an angle and toward the head. No 
matter where the fetus was touched with the brush on 
the side of the body this skin-twitching was elicited. 
When, however, the mid-dorsal line of the back was 
brushed the skin- twitching was not elicited. When the 
shoulder, the neck, or the legs were brushed the skin- 
twitching was not elicited. The farther away the stim- 
ulus was from the source of the skin-twitch, the less 
vigorous the twitch which was elicited ; the nearer the 
stimulus was to the source of the twitch, the more vigor- 
ous the twitch elicited. Stimulation of the ventral skin 
surface did not elicit the skin-twitching. 

When the skin surface between the shoulder and the 
side was lightly brushed movements corresponding to 
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those just described were observed. The most vigorous 
skin twitching was observed when this spot was 
brushed. The direction of the twitch was downward at 
an angle and toward the rump. As the distance of the 
stimulation from the original spot was increased the 
skin-twitching was less vigorous. 

43- Day Stage. The fetus was lying on its right side. 
The corner of the fetus’ mouth was lightly touched with 
the beaded tip of a glass rod. The lower jaw dropped 
sharply. The tongue was thrust out. The tongue was 
then retracted and the mouth was closed. The head 
was also observed to jerk and to bend sharply to the 
right This stimulus was applied several times. The 
jaw and the tongue movements were always observed. 
Other bodily components were observed to occur along 
with the stimulation but they were variable in their 
appearance. Sometimes the head, the forelegs, or the 
hind legs were observed to move at one time. Some- 
times, too, the bodily movements were weak, sometimes 
they were more vigorous in their appearance. 

The upper lip was brushed lightly. The lip curled 
upward and outward very weakly. The upper lip was 
also lightly touched with the beaded tip of a glass rod. 
The lip curled upward and outward. 

The beaded tip of a glass rod was placed between 
the two lips and into the mouth. The two lips closed 
around the glass rod and movement of the neck muscles 
was observed. These were not swallowing reactions, 
however. The head was extended as if to hold on to 
the glass tip for a longer time. When the rod was taken 
away from the mouth the lower jaw dropped and the 
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tongue was thrust out. These were certainly sucking 
movements with a hint of the rudimentary appearance 
of swallowing reactions. 

An attempt was made to elicit the so-called “deep 
neck reactions” of Magnus. These reactions are eli- 
cited by a change of position of the head when the posi- 
tion of the trunk is maintained unchanged. The head 
may be twisted, bent, or raised and lowered. The re- 
sults which were observed follow. 

1. The head was twisted to the left. The left fore- 
leg was extended; the right foreleg was flexed. 

2. The head was twisted to the right. The right 
foreleg was extended; the left foreleg was flexed. 

3. The head was bent to the left. The left foreleg 
was extended ; the right foreleg was flexed. 

4. The head was bent to the right. The right fore- 
leg was extended ; the left foreleg was flexed. 

5. The head was raised. Both forelegs were simul- 
taneously extended. 

6. The head was lowered. Both forelegs were si- 
multaneously flexed. 

In these reactions the hind legs remained in a par- 
tially flexed position. 

When the head of the fetus was grasped (in order to 
elicit these reactions) between the experimenter’s fore- 
finger and thumb, the fetus attempted to “free” itself. 
The two forelegs were brought up over the sides of the 
head. An opening and closing of the mouth was also 
observed. Thus the “deep neck reactions” tend to be 
masked by these “freeing” movements. However, after 
the head is maintained in the proper position for a 
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time, the “freeing" reactions disappear and the “deep 
neck reactions” appear. 

45- Day Stage. In general, the same type of reac- 
tions were elicited, in so far as the experimenter ob- 
served them, as in the 43-day stage. 

46- Day Stage. The outer (dorsal) side of the left 
hind paw was lightly brushed. A sharp, quick flexion 
of the hind legs toward the rump was observed. At 
the same time the toes were observed to spread or fan 
widely. The hind legs then returned to a passively 
flexed position. 

The closed eyelid was lightly touched with the 
beaded tip of a glass rod. Contraction of the closed 
eyelid was observed. The eyelid was also brushed. 
Contraction of the closed eyelid was noted. These were 
individualized responses which involved no other part 
of the body. 

From the experimenter’s observations with the 
camel’s-hair brush as a stimulus, reactions were elicited 
from certain regions only. These were unmistakable 
and definite. After continued stimulation, however, 
the stimulated spot appeared to become “fatigued,” for 
when the stimulation was discontinued and the stimu- 
lus was applied again, after a short interval of time, 
the reaction was again elicited. 

Spontaneous “premature breathing” movements were 
observed to be occurring frequently but not in any defi- 
nite rhythm or at any definite frequency. Stimulation 
of the fetus also elicited these movements. 

These fetuses were delivered Into the air on an elec- 
tric heating pad. The heart was observed to beat but 
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with a continuously lowered frequency until the ani- 
mals died. The reactions were sluggish and weak. 
They were not similar to the reactions of the fetuses 
observed in the physiological salt solution. 

Continuous, rhythmic breathing was not set up. 
When the fetuses were first delivered into the air several 
gasping movements were observed. These movements 
consisted of a vigorous contraction of the thorax and 
abdomen, 

47~Day Stage. This stage was similar, in the ob- 
served reactions, to the 46-day stage. 

49-Day Stage. At this stage of development the 
“premature breathing” movements of the fetuses in the 
physiological salt solution were again observed. They 
differed in no essential way from those already de-, 
scribed for the other stages in which they were ob- 
served. 

Fetuses from two litters were delivered into the air 
on an electric heating pad. The fetuses of the first 
litter set up continuous and rhythmic breathing in the 
air. One fetus lived in the air for two and one-half 
hours. 

Five fetuses from another litter were delivered into 
the air. At 6:10 P.M. the first fetus was delivered into 
the air. At 7 :30 P.M. the second fetus was delivered. 
At 9 P.M. two more fetuses were delivered. The last 
one was delivered at 1 1 P.M. They were all alive at 
12:30 A.M., when the experimenter left the laboratory. 
When the experimenter returned to the laboratory at 
9 :00 the next morning all five fetuses were found dead. 

The fetuses delivered into the air were more slug- 
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gish and less vigorous in their reactions than when they 
were observed in the physiological salt solution. The 
fetuses remained, for the most part, on their sides and 
inactive. Very few spontaneous reactions were ob- 
served. There were twitchings of the body as a whole. 
Twitchings and thrusts of the forelegs and hind legs 
and rolling of the body were also observed. . Attempts 
were also made to right themselves. In these attempts 
the reactions were vigorous. The forelegs beat in a 
well-coordinated manner with sweeping movements at 
the side and thrusts out and downward laterally. The 
hind-leg reactions were likewise vigorous but they were 
also not as well coordinated as in the forelegs. In no 
case were the forelegs and the hind legs coordinated as 
in walking. 

When the fetus was taken from the physiological 
salt solution and delivered into the air breathing move- 
ments were not set up at once. Opening and closing 
of the mouth was observed (gasping). Contraction of 
the thorax and of the abdominal musculature, together 
with a dipping of the head chestward, were observed. 
Vigorous stimulation cither by handling or by strong 
pinching with the tweezers seemed to be necessary in 
order to set the breathing mechanism in action. After 
such vigorous stimulation a gasping, convulsive breath- 
ing was set up. As time passed the convulsive gasps 
became stronger. There was a vigorous contraction 
of the abdomen at the umbilical cord. The back arched 
slightly, the head coming down chestward. The mouth 
opened and closed. The tongue was thrust out. A hiss- 
ing noise was heard as the fetus inspired air. A con- 
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tinuous, regular, rhythmic breathing was not set up 
during the course of the observations. 

Righting reactions were observed in the physiologi- 
cal salt solution. These righting reactions were ob- 
served when the forelegs or the hind legs were stimu- 
lated with the tweezers. The fetus twisted the anterior 
half of its body so that it came to lie dorsal side up, 
while the posterior half of the body remained on its 
side. At this stage the fetus assumed this position often, 
in contrast with the earlier stages where the fetuses 
always assumed a position on their sides. 

The reactions at this stage were much more precise, 
more individualized, less diffuse, and less massive. 
When weak stimuli (the brush, the tweezers, or the 
glass tip) were applied, the reactions were quick, sharp, 
nicely coordinated and individualized. If the stimuli 
were strong the massive, diffuse, irradiated reactions 
were observed. A few examples will serve to illustrate 
this point. 

The beaded tip of a glass rod was applied to the base 
of the left ear. The left hind leg was not brought up 
in a scratch reaction as in the earlier stages. The head 
only was shaken, much as a dog shakes its head after it 
has been wet. Again, when the left forepaw was lightly 
touched with the brush or with the glass rod both fore- 
legs were flexed at the wrist and, with articulation at 
the shoulder, were brought to the sides of the body al- 
most up to the mid-dorsal line of the back. 

51~Day Stage, Rolling over onto the back, swallow- 
ing, and vocalization were the new reactions observed 
on this day. 
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In the physiological salt solution the fetuses were ob- 
served to roll the body so that it was almost ventral side 
up. This was elicited only with a strong stimulus 
(tweezers). The head came around to the left. The 
shoulders turned and the forelegs came along with 
them. The roll then spread caudad until the entire 
body was rolled over onto the back. 

After the fetuses had been delivered into the air at- 
tempts were made to elicit swallowing reactions. A 
medicine dropper filled with water was placed into the 
mouth of the fetus. The lips closed around tlie tip of 
the dropper and sucking movements began. Muscular 
movements of the throat were also observed. The 
water in the medicine dropper was sucked and swal- 
lowed. 

Vocalization was observed when the fetuses had been 
delivered into the air. 

53~Day Stage. Urination, excretion, and crawling 
were observed at this stage. 

The crawling reactions were similar to the descrip- 
tions given of the newborn kittens, except that in the 
case of the S3-day fetuses the rump and hind legs were 
not as strong. These fetuses have great difficulty in 
maintaining an upright posture of the rump. 

55~ and 58-Day Stages. No new items of behavior 
were observed at these stages. 
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DISCUSSION OF RESULTS AND 
CONCLUSIONS . 

In the preceding section the experimental data of the 
embryonic and fetal reactions was necessarily presented 
in a brief concise form. The results, as they stand, in- 
dicate certain general tendencies in the developing re- 
actions of the fetus of the cat. However, when a 
developmental chart of the various fetal reactions is 
plotted, some very definite developmental relations ap- 
pear. Figure 6 illustrates such a developmental chart. 
The "fertilization” age is plotted on the abscissa. On 
the ordinate are plotted the various reactions as they 
were observed at each day investigated. 

Movement other than the heart beat was first ob- 
served in embryos 23 days old. Before this time the 
embryos were non-motile. The movements observed on 
the 23rd day consisted of a unilateral head-bending and 
a passive movement of the forelegs. Foreleg flexion 
and unilateral trunk-bending were also thought to have 
been observed. But these movements, if they were 
observed, were so slight and of such short duration that 
it is distinctly open to question whether they occurred 
at all. On the 24th day, active foreleg flexion and fore- 
leg extension were definitely observed. Unilateral 
trunk-bending was also definitely observed at this time 
with a hint of "serpentine” twisting (see page 337 of 
this paper) . On the 25th day three new reactions were 
observed in addition to those occurring on the previous 
days. These were a bilateral trunk-bending, a uni- 
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FIGURE 6 

A Chart Con-strhctkd to Show thk Di?vkloi>ment of Be- 
havior IN Cat Fetuses of Various Gestation Ages 
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lateral rump-bending, and a passive movement of the 
hind legs. At this time definite “serpentine” twisting 
was observed. Now, as the gestation age increases, 
there is a rapid, progressive, and continuous develop- 
ment of behavior from the simple movements of the 
early stages to the more complicated behavior observed 
in the young kitten a few hours after birth. 

Such a developmental chart, while illustrating the 
continuous, progressive development of behavior, tends, 
however, to mask the fact that certain qualitative 
changes are taking place. In the early stages the be- 
havior is diffuse, variable, relatively uncoordinated, and 
weak. With the increase in gestation age, the reactions 
become more vigorous, more regular in their appear- 
ance, less variable, individualized, and better coordi- 
nated. These qualitative changes do not occur abruptly 
but are continuously progressive modifications in the 
quality of the observed reactions. Moreover, these 
qualitative changes do not, as it were, “invade” the total 
organism at once. Rather they seem to follow a general 
course in their development beginning at the head re- 
gion and progressing toward the tail. 

For purposes of further analysis the body of the cat 
may arbitrarily be divided into six parts: head, fore- 
legs, trunk, hind legs, rump, and tail. If we follow 
out the appearance of the first movement in each arbi- 
trary segment in relation to the increase in gestation 
age, a definite development trend is noticeable (Figure 
7). The first movement of the head is a unilateral 
bending and appears on the 23rd day. On the 24th 
day foreleg flexion, foreleg extension, and unilateral 
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trunk-bending are observed. Unilateral rump-bending 
appears on the 2Sth day. Hind-leg flexion is present 
on the 28th day, and on the 29th day twitching of the 
tail is observed to be present. Thus, in analyzing the 
simple movements of these gross divisions of the body 
of the fetus, the developmental trend seems to be pro- 
gressing from the head region toward the tail, i.e,, it is 
anteroposterior or cephalocaudal in direction, 

A more detailed analysis of the data will, perhaps, 
make this point more clear. A cursory inspection of 
the developmental chart (Figure 7) reveals the fact 
that the movements of the head region are continuously 
developing in advance of the caudal segments. Each 
segment in turn is, in its simple movements, developing 
in advance of the segment posterior to it, except, per- 
haps, for the trunk region. 

A further analysis of the development of the move- 
ments of the forelegs in comparison with the develop- 
ment of the movements of the hind legs demonstrates 
this point more vividly. If each movement in the fore- 
legs is compared in turn with the same movement in the 
hind legs and both of these plotted against increase in 
gestation age we find that functionally the forelegs de- 
velop in advance of the hind legs (Figure 7) . 

1. Foreleg flexion and extension with articulation 
at the shoulder appear on the 24th day. Hind-leg 
flexion with articulation at the hip is present at the 28th 
day. Hind-leg extension with articulation at the hip 
appears on the 29th day. 

2. Foreleg flexion at the elbow appears on the 29th 
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day, while hind-leg flexion at the knee is present on 
the 36th day. 

3. Alternate flexion-extension appears in the fore- 
legs on the 29th day and in the hind legs on the 36th 
day. 

4. The forelegs’ localizing the stimulus, I.e., the 
legs’ tending to come toward the spot stimulated, ap- 
pears on the 29th day, while in the hind legs it is pres- 
ent on the 36th day. 

5. Foreleg flexion at the wrist appears on the 30th 
day, and hind -leg flexion at the ankle is present at the 
38th day. 

6. Crossed extension of the forelegs is present on 
the 32nd day. In the hind legs it appears on the 38th 
day. 

7. Individual movement of the forelegs appears on 
the 36th day, Individual movement of the hind legs 
is present on the 40th day. 

8. Paw movements in the forelegs are present on 
the 36th day. Paw movements in the hind legs are 
observed on the 43rd day. 

9. Movements of the toes of the forelegs appear on 
the 36th day. Movements of the toes of the hind legs 
are present on the 46th day, 

A further inspection of the data in the development 
of behavior in the fore- and hind legs reveals still an- 
other aspect of growth, The development of behavior 
begins with the simple flexion and extension of the 
foreleg or of the hind leg as a whole, with articulation 
occurring at the shoulder or at the hip. With the in- 
crease in gestation age the movements appear first in 
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the proximal regions and in the distal regions later, 
passing from shoulder or hip articulation to movements 
at the toes. 

The development of cutaneous sensitivity to puncti- 
form stimulation was not systematically investigated 
(57). In some cases punctiform stimulation was used. 
For the most part, however, areal stimulation was used 
(camel’s-hair brush) and in some cases a pressure stim- 
ulus (tweezers) was used. However, some general 
statements concerning the development of cutaneous 
sensitivity may be made at this time. 

In the earliest stages of embryonic development cu- 
taneous stimulation leads, largely, to a movement of 
the forelegs, of the head, trunk, or rump. Later, how- 
ever, such stimulation leads to a twitching of the skin. 

For example, a weak twitch of the skin in a direction 
toward the rump to a light brushing was observed for 
the first time on the 29th day. On the 40th day lightly 
touching the vibrissae with the brush elicited a twitch 
of the underlying musculature which made the vibris- 
sae move. Skin-twitches were very definitely observed 
and described in detail on the 40th day (see pages 352- 
354 of this paper). The direction of development of 
such skin sensitivity is undoubtedly cephalocaudal. 

Along with the development of such skin sensitivity 
the development of what may be termed reflexogenous 
zones may be remarked. In the earliest stages of motil- 
ity, when various parts of the body of the fetus are 
stimulated, and in accordance with the development of 
sensitivity in a cephalocaudal direction, such stimula- 
tion elicits diffuse, variable, uncoordinated, and very 
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"random” responses. To the experimenter there is ap- 
parently no connection between the place of applica- 
tion of the stimulus, the resulting response, and the "ap- 
propriateness” of such a response. Stimulation of the 
fetus at such times is, apparently, just as likely, within 
the limits of its sensitivity and the degree of develop- 
ment, to lead to one bit of behavior as it is to another. 
In many cases, especially with the very young fetuses, 
a uniform pattern of behavior is observed whether the 
fetus is stimulated on the snout, the head, the shoulders, 
the trunk, or even if no external stimulus is applied by 
the experimenter (spontaneous behavior) . In other 
words, the writer found it extremely diflicult to differ- 
entiate one pattern of behavior from another even 
though different parts of the body of the fetus were 
stimulated. Further, in the earliest stages of develop- 
ment a rather vigorous form of stimulation is required 
to elicit behavior where a weak stimulus (light touch) 
would not be at all adequate. In these earliest stages, 
then, any "spot” or, rather, part of the body within a 
rather large area would serve to elicit these variable, 
diffuse, sometimes similar, uncoordinated patterns of 
behavior to somewhat vigorous stimulation. 

As behavior development continues, however, a con- 
tinuously progressive change may be observed in the 
refinement and discreteness of response in the fetus, 
together with an increase in sensitivity to stimulation, 
i.e., a weak stimulus now becomes adequate for re- 
sponse where formerly such stimulation was inadequate. 
For example, in the earliest stages, when the foreleg 
was somewhat vigorously stimulated, movcmejits of 
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the mouth, tongue, pinna, closed eyelid, head, trunk, 
rump, and possibly the hind legs followed. Such be- 
havior was elicited no matter what part of the leg was 
stimulated. However, a stage is reached in the be- 
havior development of the fetus where the lightest 
touch when applied to the dorsal side of the forepaw, 
for example, leads to an extension of the paw alone, 
such behavior being rather uniformly and discretely 
elicited. The uniformity and discreteness of response 
are, of course, functions of the level of development at 
any particular time. The other responses which seemed 
to the experimenter to make that behavior pattern so 
“inappropriate” (movements of the tongue, eyelid, 
etc.) have dropped out of this particular pattern of 
behavior. Furthermore, a particular part of the leg, 
the dorsal side of the paw, must be stimulated in order 
to elicit such behavior, for when the volar side of the 
paw was stimulated a flexion of the paw with a slight 
cupping of the toes was observed. 

As a further illustration of this point the following 
may be noted. In a 31 -day fetus the C-reaction was 
smooth and continuous and was bilateral in nature. It 
was elicited when the fetus was stimulated in almost any 
part of the body above the rump (see page 344 of this 
paper) , Contrast this, now, with the following obser- 
vations of a 36-day fetus. The left foreleg was lightly 
stroked with the brush. The left foreleg was immedi- 
ately flexed and was then returned to the normal resting 
position. No other part of the body was involved, It 
was a simple and isolated movement of the foreleg 
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alone (see page 347 of this paper; also pages 3Sl and 
3S2-353, and especially the second paragraph of page 
354). 

In outline, then, we have followed a continuous and 
progressive development of the sensitivity of rcflexoge- 
nous zones. Such a development of the sensitivity 
of reflexogenous zones has passed through a continuous 
and transitional development from a time when rather 
vigorous stimulation of any part ("spot”) of the body 
within a rather large area serves to elicit variable, dif- 
fuse, massive, sometimes similar, uncoordinated pat- 
terns of behavior to a later time” when a lighter 
stimulus becomes adequate, within a much more cir- 
cumscribed, and more or less specific area, for precise, 
well-coordinated, uniform, and less variable, and more 
"appropriate” patterns of behavior. Furthermore, the 
direction of such a development is undoubtedly cephal- 
ocaudal.” 

Long before the fetus of the cat has, in its prenatal 
environment, any need** of a recepto-neuro-muscular 
mechanism for air-breathing, certain movements ap- 

^'^Again the writer finds it necessary to repeat that the appearance 
of behavior in any of its manifestations is a function of the particu- 
lar level of development, behavioral and biological, at any particular 
Stage* 

B, Holt (31) offers a physiological theory of the "education of 
sensory surfaces*" 

Carmichael and the present writer have completed an inves- 
tigation of the development of behavior in the fetal guinea pig. L. 
Carmichael is interested in making a detailed examination of the de- 
velopment of reflexogenous zones. The present writer is interested 
in the more general aspects of behavior development in the fetal 
guinea pig (16, 22). 

^®By tlic use of this word the writer implies nothing of a teleo- 
logical nature. 
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pear. From the genetic point of view such movements 
are the behavioral antecedents of a breathing mechan- 
ism which normally becomes functional at the birth of 
the organism. 

Perhaps the first antecedents of air-breathing con- 
sist of movements of the lower jaw and tongue which 
are described as mouth movements, and of abdominal 
and thoracic contractions. The first mouth movements 
were observed on the 29th day of development. Ab- 
dominal contractions were also observed on this day. 
Thoracic contractions and tongue movements Were ob- 
served for the first time on the 30th day. The pattern 
of these movements was termed “premature breathing” 
and was first noted on the 29th day. These “premature 
breathing” movements were observed to occur spon- 
taneously as well as upon direct stimulation. Fetuses 
of a 36-day litter were delivered into the air onto an 
electric heating pad. Respiration was not begun. Sev- 
eral gasping and convulsive attempts to breathe were 
made which were similar in character to the “pre- 
mature breathing” movements of the fetuses observed 
in the salt solution. At this time the breathing mech- 
anism {in a behavioral and physiological sense) is not 
yet ready to function. 

As late as the 47th day of the gestation period, fetuses, 
when delivered into the air, were not able to set up a 
continuous, rhythmic breathing (see page 357 of this 
paper). On the 49th day of development, however, 
breathing, although spasmodic, was set up In five fe- 
tuses. In another litter one fetus breathed regularly 
and rhythmically for three hours, another for two and 
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onc-half hours. If reference is made to the observations 
of the activities of the fetuses when delivered into the 
air (pages 357 ff. of this paper) the similarity of these 
movements to the movements made by younger fetuses 
may be noted. 

By the S3rd day, however, fetuses delivered into the 
air succeed in setting up and continuing a regular and 
rhythmic breathing. The writer succeeded in keeping 
one animal alive for two days. In these animals, as 
well as in the older fetuses, the head, mouth, and tongue 
movements, and, in general, the convulsive type of 
movements disappear. In their stead a regular and 
rhythmic breathing is set up. 

The activity of breathing, then, which is observed in 
a newborn kitten is the product of a long and geneti- 
cally continuous course of prenatal development. 

From the genetic point of view it will be interesting, 
now, to trace the development of locomotion in the 
fetus of the cat. Locomotion involves not only the ex- 
ecution of leg movements but includes the development 
of posture and of righting as well. Locomotion in the cat 
depends primarily upon the development of the sen- 
sitivity of the exteroceptors and proprioceptors with a 
subsequent organization of the necessary parts of the 
body into a behavior pattern of locomotion. This im- 
plies the development of postural reactions of the head 
and trunk, together with the development of a nicely 
timed rhythm of movement between the fore- and hind 
legs. Walking, trotting, or running consists, in a nar- 
row sense, of a rhythmic coordination between the fore- 
and the hind legs such that, for example, the left fore- 
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and right hind legs are synchronized in their move- 
ments while the right fore- and the left hind legs are 
oppositely synchronized in their movements. How- 
ever, until at least postural reactions of the head, trunk, 
and rump are fairly well developed, locomotion, as 
such, cannot be effected. 

If the developmental chart (Figure 7) is studied, the 
course of the development of locomotion may be made 
out. In the very earliest stages the embryo usually 
rests on one side or the other. It is not until rather late 
in the gestation period (about the 38th day, see page 
352 of this paper) that the fetus comes to have at least 
the anterior end of the body dorsal side up. It has also, 
by this time, well-developed postural reactions of the 
head. The movements of the forelegs are especially 
well developed, while the development of the hind legs 
still lags behind that of the forelegs. 

The earliest movements of the cat embryo consist 
of a unilateral head-bending, unilateral trunk-bending, 
and a flexion and extension of the forelegs as a whole. 
It is important that the development of movement in 
each of the parts of the body involved in locomotion be 
followed through the course of the gestation period.*^ 

The movements of the head pass progressively 
through the stages of (1) head extension; (2) head- 
bowing; (3) unilateral head-rotation; (4-) bilateral 

must be remembered that all three phases of the development 
of locomotion arc progressing synchronously even though separate 
items in each pliase have a different rate of development. The various 
behavior patterns are differently organized at the separate stages of 
development. 
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head-bending; (5) bilateral head-rotation; (6) head 
extension-bowing. 

The movements of the trunk and rump pass through 
the following stages of progressive development: (1) 
unilateral trunk-bending; (2) "serpentine” twisting of 
the trunk; (3) bilateral trunk-bending; (4) unilateral 
rump-bending; (S) trunk extension; (6) bilateral 
rump-bending; (7) unilateral rump-rotation; (8) bi- 
lateral rump-rotation; (9) rump — ventral flexion; 
(10) C-reaction; (11) rump extension ; and (12) deep 
neck reactions. 

The forelegs and the hind legs pass through like 
phases of development but the hind legs lag behind 
the forelegs in their rate of development. They pass, 
in their development, through the following stages; (1) 
flexion; (2) extension; (3) flexion — elbow (knee); 
(4) alternate flexion-extension; (S) flexion — ^wrist (an- 
kle); (6) crossed extension; (7) individual movement; 
(8) paw movement; and (9) toe movement. 

Locomotion seems to consist of an organization of 
head, trunk, rump, and fore- and hind-leg movements 
in time. Locomotion develops from the "primitive” 
serpentine behavior observed in the embryo, passing 
through the C-reaction to righting and crawling. 

As far as the leg development of the fetus is con- 
cerned, it has been previously stated that development 
begins in the forelegs first and in the hind legs later. 
The development of the forelegs progresses in advance 
of the development in the hind legs. In the early 
stages of prenatal development alternate rhythmic pad- 
dling movements of the forelegs may be observed. Such 
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movements come to involve the entire limb with arti- 
culation at all the joints and, later, at any joint in a 
local response. Much later the hind legs reach a simi- 
lar stage of development. It is only in the last few days 
of the gestation period that occasionally all four legs 
beat in the walking rhythm, the hind legs eventually 
dropping out of phase with the forelegs. Even in the 
newborn kitten locomotion consists chiefly of strong 
foreleg thrusts out from the sides of the body in paddie- 
like movements. The hind legs are flexed or extended 
together and only occasionally do they fall into the syn- 
chronized rhythm of walking. The extreme caudal end 
of the kitten, especially the hind legs, is often dragged 
along (see pages 332 f . of this paper) 

The feeding reaction passes successively through the 
development of tongue movements, mouth movements 
of opening and closing, sucking, and swallowing (inges- 
tion) to the feeding reactions of the newborn kitten.^® 
While what may be designated as the “wave of de- 
velopment” seems to be passing from head to tail, in- 
volving the gross musculature, still further development 
is taking place involving the finer musculature of the 
body. 

If we refer to the data (Figure 6) we find that a 
series of other movements are appearing at the same 
time and not independently of the movements which 

is interesting here to notice the general similarity of the de- 
velopment of locomotion in Amblystoma and in the cat (18). 

^^Lincoln (43), working in the Brown Psychological Laboratory, 
has made a detailed investigation of the development of the feeding 
reaction in the albino-rat fetus, Angulo y Gonzalez (!7) has carried 
out a similar investigation. 
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have been described above. On the 29th clay the mouth 
opens and closes, On the 30th day tongue protrusion 
appears. Sucking and pinna movements are present 
on the 34th day. Irregular breathing movements in air 
first appear on the 36th day. On the 40th day the vibris- 
sae move for the first time. Deep neck reactions, 
Thompson’s reflex (mouth, Up, and tongue movements 
which are elicited when the corner of the mouth is 
stimulated), appear on the 43rd day. Closed eyelid 
contraction is present on the 46th day. Continuous 
breathing in air is present on the 49th day. Swallowing 
and vocalization appear on the Slst day. Urination, ex- 
cretion, and crawling are present on the 53rd day. 

The picture of the newborn kitten presents, essen- 
tially, an organism which is able to walk (although still 
in somewhat of a crawl), to feed, to maintain an up- 
right posture, to find warmth and the source of food, 
and to breathe, It has developed a certain degree of 
sensitivity, although the auditory and the visual func- 
tions have yet to appear. The newborn kitten is some- 
what of a “helpless” creature in coping with its post- 
natal environment, yet it has the necessary equipment 
for a certain type of biological adaptation. And we 
have seen that this equipment, such as it is, is the pro- 
duct of a long, continuous, and progressive course of 
prenatal development. 

On the basis of the results of the present investigation 
it is not maintained that the separate reactions which 
have been described appear on a definite, specified day 
in the course of development in all normal cat embryos 
and fetuses. Rather the emphasis is to be placed upon 
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the developmental relations which exist among the vari- 
ous items. In some cases, as it has been previously 
stated, in the present experiment the intervals of the 
gestation age between observations were two or more 
days. This would preclude any possibility of defi- 
nitely asserting that a certain item of behavior appears 
on a given day of the gestation period. 

It is also realized that the number of animals used 
in this experiment was small. Further experiments 
with a larger number of animals in which the fetal re- 
actions will be observed at shorter intervals of gesta- 
tion age are anticipated. With these qualifications, it 
is, perhaps, justifiable to make the following tentative 
conclusions. 

1. Before birth there is a rapid, progressive, and 
continuous development of behavior in the fetus of 
the cat. 

2. The development of behavior progresses from a 
diffuse, massive, variable, relatively unorganized state 
to a condition where many of the reactions are more 
regular in their appearance, less variable, better organ- 
ized, and relatively individualized. 

3. In the early stages of prenatal development the 
behavior appears to be progressing along a cephalocau- 
dal course. 

4. The development of the sensitivity of the reflex- 
ogenous zones passes through a continuous and transi- 
tional development from a time when rather vigorous 
stimulation of any “spot” of the body within a large 
area serves to elicit variable, diffuse, uncoordinated 
patterns of behavior to a later time when a weak stim- 
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ulus becomes adequate, within a much more circum- 
scribed area, for precise, well-coordinated, uniform, 
and less variable patterns of behavior. The direction 
of such development is cephalocaudal. 

5. The “primitive" reactions of breathing, righting, 
locomotion, and feeding are the products of a long and 
continuously progressive course of prenatal develop- 
ment. 

6. Behavior development appears first in the gross 
musculature, and in the fine musculature later. 

7. Behavior develops in each of the limbs from a 
proximal to a distal point, that is, the entire limb is 
first involved in the response and then gradually the 
more distal joints become, as it were, independent of 
the total movement. 
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IE DftVELOFPEMENT DU COMPORTMENT CHEZ LE CHAT 

ForiTAL 

(Ktmn^) 

Lc but dc ccltc cmiuctc a 6i4 Irt (HlcriJiinnlioii dc Ift nniurc pr^ciae quoli- 
tntlvc dll d£vcloppcmcnt du componcmciu daiia In vie du chat fucinl nvaiu 
In nnisgnnce, ou, nu sens contraire, PcfFori dc rcmonier jiu commencement 
du comportement carncteriMliquc du chnton noiivcnu-n6 avnru an nnisaarcc. 

On a observe chaqiic purlcc dc focliia pciulnnt phiaicurn hcurca dam dca 
conditions npproxiinntlvcmcnt nonnalea. On a mnlnicnu intactc In circu- 
lation ombilicalc, Les obscrvniions onL ^ic faites dans un bain dc solution 
saline physiol o^lquc, la tempirnture iiont mainlcnuc h 37, S C.i:0,S C. 
Pour rendre ccnlnineg dcs conditions si parfniics on n employ^ une technique 
spdclale d'opdratioii ct on n invent un apparel] dc boin appropri6, On a 
fourni aussi un apparcil pour fnirc dcs photographies ciniinatograpluqiics 
dll coinportcment /octal. 

On rdsiimc riiistoire dca Guides du cornportemetu foetal dcs mainmifircs. 
On 0 comrnened cette cnqucic par I’cmploi d'animaux foctnux dc 20 
jours (A partir du temps dc la fcrltlisallon) et on 1 'q continu^c, A dca in- 
tervalles dhin jour on dc deux jours, jusqu'mix chnions nouvcau-n£s dg6s dc 
62 jours, Lea chats foctnux Ag^s dc 21 et de 22 jours ne poss&dcnt pas la 
motilit^. On a observe tc comportement prcmlArcineiu cheiis dca foetus Ages 
dc 23 jours. Coinmc la gestation a nvanc^, les rAnctioiis fuctalcs soni 
dcvctiues progressivement plus complexes. On a cmp)oy6 un lota] de 32 
chaltea enceintes. 

On a employ^ divers stirmill pour fnirc naitre lea r^nciions foctals, ct Ton 
a nat6 lc comportement 'sponrnn^'. I/cxp6riineiunicur n tJerit lea observa- 
tionSj ct on n fait des photographies cln^tnalographiqucs dc chaque Atnpe 
i^ludl^e. Les donn6cs cxp^rimcntnlcs, comprcnnnt lea nutntiona dc I'cxpArl- 
nicntntcur ct ses analyses dcs photographies clnAmatographiques, soiU briAvc- 
men I p rAsenHes. 

Stir la base dca risuluta dc cciic cnqucic on arrive aiix conclusions 
siiivanlea: 

1. Avant la naissnnee il y a un divcloppcincnt rtipide, progressif ct 
continu du comportement chez le foetus du chat. 

2. Le dAvcIoppcment du comportement progrcsac d'un 6inl diffus, massif, 
variable, relaiivcmcnt non organist, jusqii'A nnc condition dans Inqucllc 
beaucoup des rdactlons sont plus r^guli^rcs cn npparence, moins variables, 
mleux organisAcs et rclativcmcnt individunlis^cs. 

3. Aux premieres Atapes du dAvcloppcmcnt avant la naissance il pnratt 
que le comportement progressc cii auivant un cours cAphalo-caudal. 

+. Le dAvcloppemcnt do la sensitivity dcs zones r611cxogyncs un 

dyvcioppement continu et de transition pendant qiiclquc temps qunnd une 
stimulation asscz vigoiireusc dc n^importc quel "lieu” du corps dans une 
grande nirc fait nnitre des formes variables, diffuses, ct non coorclonnecB 
dll comportement, jusqii^A un temps postdricur qiiarul un stimulus do liimidrc 
su/Ht, dans une aire bcaticoup plus ctrconscrit, pour fnirc iinitrc deg formes 
prdciscs, bien coordonndcs, iiniformcs et moins variables, du comportement. 
Ln direction du ddvcloppemcnt cst cdphalo-caudnlc. 

5, Les reactions "priniitivcs" dc respirer, dc revenir A la posture ordi- 
naire, do locomotion et dc nourrilurc soiu les produits d'un cours long ct 
cofUinOment progresaif dc dcvcloppemciu nvant In nnisHance, 
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6. Lc d^veloppcmcnt dii coniportcment pnrait prenii^rement dans ]q muB- 
culaturc grossi6rc et plus tard dans la musculature fine, 

7. Lc comporicmcnt se d6veloppc dans chacim des membres d’un point 
proximal h, iin point distal; c'c8t-6-dire, lc membre entier est premiferement 
engngd dans la r6ponsc ct puis peu ^ pen Ics articulations plus distoles 
deviennent, pour ninsi dire, independantes dii movivement total. 

CORONIOS 


DIE ENTWICKLUNG DER TATIGKEIT DEIM KATZENFOTUS 

(Referat) 

Die Absicht dicser Untcrsuchung war die Bestimmung der exnktcn quali- 
tativen Natiir der Entwickliing der Tatigkeit des Kat^enfotus vor der 
Geburt, oder, umgekehrt, die Zuruckfulirung der karaktcristischen Tatigkeit 
des neugeborenen Kiitzchcns zw ihrem Anfang’vor der Geburt. 

Jeder Foluswurf wurdc mebrere Stimdcn lang unter verbaltnisinassig 
nofmolen Umstanden bcoboclitet. Dcr NabolkrdsJauf [umbilical circula- 
tion] wiirde imvcrsehrt crhalten. Die Beobachtungen wurden in ejnem 
Bade von pliyaiologiscbcr Snlzlosung worin die Temperntur immer bei 
37±.5® C, gehaiten wurde, ausgefubrt. Um solcbe optimakn Bedingcn zu 
versicliern wurdc cin bcsondercs operatives Verfahren verwendet und ein 
gecigneter Badappnrat erfunden. Es wurde auch ein Verfahren fiir die 
Fabriziening von Wcchselbildern dcr Fotalen Tdtigkcit aiigcschaffen. 

Es wil'd die Gcachichtc dcr bisher nusgefuhrtcn Untersuchungen der 
ftitalon Tatigkeit [fetal behavior] bei Siiugcticreii zusammengefasst, 

Dieac ITnterauchung wurdc angefangen nn fotalcn Tieren die 20 Tnge 
(von der Zeit der Befruchtung nus gemcaaen) alt waren, und erstrecktc sichj 
mit Abstanden von 1 oder 2 Tagcn, bis aiif neugcborcnc Kiitzchen 62 Tagc 
ait (nach dcr Zeit der Befruchtung geinesaen). Ein-und-zwanzig> imd 22- 
Tngc-altc KatzenfStuse bewegen sick nicht. Tiitigkcit zeigte sich ziierst 
bei 23-Tngc-nlten Fbtiiscn. Mit dcr Fortschreitung dcr Schwangcrschaft 
wurden die fotalcn Reaktloncn progreasiv komplizlerter. Es wurden im 
Ganzen 32 trnchtige Kat/en flir die Untcrsuchung verwendet. 

AU Mittcl ziir Hervorni fling der fiitalcn Reaktionen wurden verschiedene 
Reize verwendet, und es wurde auch die “spontane'^ Tatigkeit notiert. 
Die Beobachtungen wurden von dem Versuclisicitcr notiert und ea wurden 
nuch von jedem iintcrsuchten Stadium der Entwickliing Wecbselbilder 
gemacht. Es werden die expcrimcntellen Befunde, einschllesslich der 
Protokolle des Vcrsuchsiciters und der Annlysen der Protokollc der Weeh- 
selbilder kurtz zusammengef asst. 

Aiif Basis dcr Resultate der gegenwftrtigcii Untcrsuchung zieht der Ver- 
fasscr folgcndc SchUisse: 

L Vor dcr Geburt Bnclet eine rnsche, progressiv und fortwnhrende 
Entwickliing dcr Tatigkeit des Katzcnfdtus statt. 

2, Die Entwickliing dcr Tadgkcit schreitet von cinem dilfusen, mnssiven 
variablcn relative iingcordncten Zu stand zu eincm Zu stand fort, in dem 
vide dcr Rcaktionen in ihrer Erschciiuing rcgcimassiger, weniger variabel, 
besser organiaiert, und relativ individualisicrt sind. 

3, In den relnliv friihen Stndicn tier Entwickliing vor dcr Geburt sclieint 
die Tiitigkeit cinen ceplialokaiidalen Laiif zu nebmcii, d.h., in der Ricbtiing 
von dem Kopf nach iintcn zu veilaufen. 
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4. Die EnlwlcklunR der Hmpfindlichkcii dor rcEcxoKcncii Knrpcrgcgcndc 
m&cht clnc Kiiaamincnhilngcndc iind fordanlciidc KniwirkliiDg dureli, von 
cinor Zclt, wiilirund dcr cine etwas krafiigc Keizung irgciul cincs '‘Kdrper- 
deckes" ['^spol''] inncrhalli cincx grr««cn Kijirpcrtcilcji zur Hervorrufang 
varioldcr, diffuser, niciil-zusaimuciiwirkcndcr [iincoordtrintcd] TnrigkciiB. 
gesuUungcn [behavior paiicrns] dieiit, \m zu ciner !}pn(cr ktunnicndeii Xcit in 
der ein llchicr Reiz^ iniicrlinlb cincs vici liesdirilnkiereii KurpcileilcB min zur 
Erzcugiing gennuer, gut ziiHaniinenhiinKcijiler glcichmas^iger iiiul wciiiger va« 
riabic TfitigkcUsgenlalLungcn geiliiKi* Rlcliumg dcr ICmwIcklung ist die 
Yon'i Kopfc iincli uiucn zii [ccphnIiMraiidal]* 

5. Die primilivcn Renkttonen den Almcns, dcs sicli Aiifrichtcns, dcs 
Gclicnsi und dcs sich Fiitiornn nirid die Hndrcsultntc cincK langcn und 
bcatiindig progressiven Kmvvicklungslaufcn dcr vor-gcburllichcn Eniwick- 
lung. 

6. Die Ejitwickliing dcr Tiiiigkciicn crschciiit zticrst in der groben und 
sparer in dcr Fclncn Muskulatur, 

7. Die linlwicklung dcr Tiidgkek jcdcs GHcdcs findci von deni Kor- 
perende ausswiirta [from a proximal lo a ilintal poim] siftlt, d.li., zuerst 
ivird das gonze Glied durch die Keakiion in Anspruch gciininmcn und dann 
werden die rnchr cnifcrni liegenden [more disial] Gclcnkc sozusagen von 
der Gescmmtbcwegung utiabhfingig. 


CORONIOS 
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I 

THE NATURE OF THE PROBLEM 

The intimate relation between language and the 
thought processes makes a study of language develop- 
ment important. Whether or not imageless thought 
can exist/ it is unquestioned that the large part of 
our thinking is in terms of language, implicit or ex- 
plicit. Dewey (7, pp. 173-175) calls attention to four 
important functions which language performs: the 
classification, preservation, and application of indi- 
vidual meanings; and the organization of those mean- 
ings. 

In general, two approaches are possible to an in- 
vestigation of either collective or personal language 
development. We may, first, make a quantitative study, 
counting the number of different words used and the 
frequency of their appearance in the vocabulary. Us- 
ually such investigations have been related to the 
language development of children under six years. 
Comparable data for older individuals are usually se- 
cured by some sampling device. Even so small a vo- 
cabulary as that possessed by the preschool child offers 
difficulties, however. The same word or spoken sym- 
bol may serve several purposes. Orange is both a fruit 
and a color ; one word to this child, two to that. Good 
has a certain meaning in Be a good boy, and a different 
one in This apple is good. Obviously, a word with 

^For a brief summary of the various arguments in the language-thought 
controversy see Adams and Powers (1), 
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advancement in the mastery of speech.” She proposes 
length of sentence as a measure of the child’s language 
development, but suggests this for preschool children 
only. Pal (25), studying one Bengalee child, reports 
the number of sentences and their length as used by a 
child of forty-one months. lie notes the use of only 
one conjunction (ar—and). Guillaume (12, 13) finds 
the phrase appearing at eighteen months. He reports 
a detailed study of construction and fle.xions of word 
groups. Smith (31, p. 27), studying the chatter of 88 
children from two to five years of age, concludes: 
“The most significant trend in the development of the 
sentence with increase of age was an increasing ten- 
dency toward the use of longer and more complete 
sentences. Other trends . . . were a decrease with age 
in the proportion of simple sentences to complex and 
compound sentences.” Smith also classifies sentences 
functionally, using a technique similar to that of Boyd 
(3) . The latter presents a most suggestive study of 
the language development of his child from the third 
to the eighth years, inclusive. Sentences (1250 re- 
corded at each birthday from fourth to ninth) are 
classified as to their use (as statements, questions, com- 
mands, and exclamations), and the results compared 
with a similar analysis of conversation sentences taken 
from the works of eighteen novelists. Assuming that 
the latter samples represent adult conversation, he finds 
his child of eight using approximately the same pro- 
portion of the four types of sentences as do adults. 

Boyd further classifies the sentences of Ids child ac- 
cording to their structure, finding a gradual increase in 
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the proportion of dependent to independent clauses 
with increase in the child’s age. He makes a like 
study of the complexity of adult conversation, again 
using as data the random samples of conversation taken 
from the writings of the eighteen novelists. 

Kirkpatrick (16) early attempted an analysis of 
adult writing. He classified the words in samples of 
Robinson Grusoe according to parts of speech, and 
compared the relative proportion in each category with 
the proportion of such words in the dictionary. His 
technique is similar to that used by writers previously 
mentioned as studying the language of preschool chil- 
dren. 

An interesting language study with emphasis on 
thought rather than on language per se has been de- 
veloped by Piaget. His results are available in four 
volumes (26-29). Piaget offers a detailed analysis of 
the child’s conversation in order to disclose the kind of 
thinking (social or egocentric) he does, and the de- 
gree to which his reasoning approaches that of the 
adult. The studies include reports of children from 
three to twelve years. In Judgment and Reasoning 
in the Child, Piaget makes extensive interpretations of 
the child’s use of certain conjunctions, and distinguishes 
between the functions of certain types of clauses in 
child and adult language. Piaget’s assumption is that 
language is in general an index of thought, but he com- 
pares objective experiments with verbal ones. 

The present study proposes to investigate the lan- 
guage development of children from Grades 4 to 9, in- 
clusive, using the clause as the unit of comparison. 
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Smith (31, p. 68), McCarthy (19, pp. 93-110), and 
Nice (24) suggest length and complexity of sentence 
as significant measures witli preschool children; but 
the identification of the sentence becomes a matter of 
individual interpretation in the compositions of older 
individuals. The child says: “I. houf/ht a ball, Jane 
botujhl a (/oil” We have two sentences, or one, our 
result depending upon punctuation. The introduction 
of and gives one long compound sentence instead of 
two short simple ones, although the most important 
facts of expression remain the same. That is, the 
child, whether he uses two simple sentences or one com- 
pound one, is stating definitely two judgments of equal 
merit, and expressing them in parallel forms. Length 
of clause, therefore, and type of clause appear the more 
significant measures. Since every finite predicate in- 
dicates the existence of a clause, approach to the in- 
vestigation is made through the tabulation of predi- 
cates. 

The significance of the predicate in verbal expres- 
sion has long been recognized and has in consequence 
been a popular topic in logic. Janies Mill calls at- 
tention to the role of predication. He says (20, pp. 
161-162) : 

“By a few simple examples, the reader may render fa- 
miliar the use of predication, as the grand expedient, 
by which language is enabled to mark not only sensations 
and ideas, but also the order of tliem,” 

**Aiul it [predication] is the grand contrivance by 
which the marks of sensations and ideas arc so ordered 
in discourse, as to mark the order of the trains, which 
it is our purpose to communicate, or to record,^' 
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John Stuart Mill adds in comment (21, p. 164, foot- 
note) : 

“Predication may thus be defined, a form of speech 
wllich expresses a belief that a certain co-existence or se- 
quence of sensations or ideas, did, docs, or under certain 
conditions, would take place; and the reverse of this 
when the predication is negative." 

Hobbes called attention to the importance of the pre- 
dicate as compared to other elements in the sentence. 
His theory (see 21, p. 163, footnote), denominated by 
Leibnitz the "plus quam nominalis" theory, is of in- 
terest here as suggesting the inadequacy of a mere cata- 
log of words of vocabulary in a study of language de- 
velopment. 

The finite predicate, or the clause which it domi- 
nates, is therefore proposed as the unit of measurement 
because every such predicate posits a judgment.^ The 
complete predicate rather than individual verb-words 
is used, because functionally two verb-words may be of 
no more importance than one. For example, I have 
seen him is certainly not twice as significant as J saw 
him. This distinction is suggested here because many 
studies of language have discussed the proportion of 
verbs to the total number of words used, but have 
counted verb-words instead of complete verb units. 

Predicates are not necessarily of equal significance 
or importance in a given sentence. Relations between 
predicates signify relations between judgments. A 

^Judgment is here used in a popular rather than in the logician’s sense. 
Creighton snyai “The logical proposition, ns the expression of an act or 
thought, corresponds to the grammatical sentence. Not every sentence, how- 
ever, is n logical proposition'^’ (5, pp. 84-85), 
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gain in thought expression is made when the child 
passes from Doll, prelly to My (loll is pretty. Rela- 
tion between doll and preily-ness is clearly stated. 
Just so, there is a further gain in expression of relation 
when JVe •were in town and I bought a hat becomes 1 
bought a hat when we were in town. Two judgments 
have been seen in their relation to each other. Jesper- 
son’s conclusions concerning sex differences may be 
questioned in the following quotation, but his interpre- 
tation of the role of subordination of clauses is based 
on his thorough knowledge of language structure. He 
says (15, p. 2S1): 

“If we compare long periods as constructed by men 
and women, avc shall in the former find many more in- 
stances of intricate or involute structures with clause 
within clause, a relative clause in the middle of a condi- 
tional clause or vice versa, with subordination and sub- 
subordination, while the typical form of long feminine 
periods is that of co-ordination, one sentence or clause 
being added to another on the same plane and the gra- 
dation between the respective ideas being marked not 
grammatically, but emotionally, by stress and intonation, 
and in writing by underlining. In learned terminology 
wc may say that men are fond of hypot.ixis and women of 
parataxis.” 

As was suggested previously in this chapter, it is dif- 
ficult to study language development in any but purely 
quantitative aspects without at the same time consider- 
ing the thought processes involved. Piaget calls atten- 
tion to this intimate relation', and to the types of 
thought changes suggested by changing clausal rela- 
tions, in the following quotations: 
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^‘To reason logically is so to link one*s propositions 
that each should contain the reason for the one succeeding 
it, and should itself be demonstrated by the one preceding 
it. Or at any rate, whatever the order adopted in the 
construction of one*s own exposition, it is to demonstrate 
judgments by each other. ^ therefore, the child 

remains for a long time ignorant of the need for demon- 
stration, this is bound to have an effect upon his manner 
of reasoning. As we have already pointed out, the child 
is not really aware of the necessity of arranging his 
sentences in logical order'^ (27, p- 1). 

“The phenomenon of juxtaposition is very frequent 
in child thought. A well-known and particularly strik- 
ing example has been signalled in the case of children's 
drawings and has been referred to as 'synthetic in- 
capacity’. ^ ^ * This synthetic incapacity covers more 
ground than one would think, for it is really the mark 
of the whole of childish thought up to a certain age. We 
have already observed it in connexion with understand- 
ing between children. We have tried to show that occa- 
sions abound when, instead of expressing the relation be- 
tween two propositions by the word ‘because* (as had 
been done in the corresponding adult communication) 
or in any other way, the child was content to juxtapose 
these propositions without any further ado, whether or no 
lie had been conscious of any causal connexion between 
them. Now, in three quarters of such cases, the child 
who was spoken to did not realize that such a connexion 
was in question, and could therefore see nothing more 
than two statements which were independent of each 
other’* (27, p. 3). 

In the present study the writer proposed to dis- 
cover only ho<w the growing child expresses himself in 
regard to his use of independent and dependent clauses, 
ind to leave the question of why he so expresses him- 
self. The procedure is as follows. 

The written composition of 1007 persons, ranging 
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ill mental age from 101 months to superior adult level, 
is examined, and the total number of clauses used by 
each individual classified. Clauses (or predicates) 
are divided first into two main groups, independent 
and dependent. Dependent clauses, as will be ex- 
plained in detail in Chapter II, arc further classified 
as to general use (as adjective, adverb, or noun ele- 
ments), and adverbial clauses subdivided according to 
their specific functions in expressing time, place, pur- 
pose, and so forth. 

No absolute standards of clause relation are, of 
course, conceivable. 1 played %nih fire and 1 was 
burned may be the correct statement of two events of 
equal importance from the standpoint of the individ- 
ual speaking, What constitutes an idea of independ- 
ent or major importance is a matter of judgment. Con- 
sequently, this study offers merely a statement of the 
proportions of dependent clauses found at the various 
mental and chronological ages of the individuals whose 
language is studied, 



SOURCE AND NATURE OF DATA; 
TECHNIQUE OF ANALYSIS 

A. Groups Studied 

Data for the study were obtained by analyzing the 
written composition of three groups of individuals, 
designated as Groups A, B, and C. The writing of 
Group A was analyzed as to both structural and func- 
tional nature of the clauses used (Chapters III and 
IV) ; while the clauses used by Groups B and C were 
analyzed as to structure only (Chapter V). 

Group A consists of 482 children enrolled in Grades 
4 to 9, inclusive, in the Baldwin, Holton, and Law- 
rence (Oread Training) schools in Kansas; Group B, 
of 504 pupils enrolled in Grades 9 to 12, inclusive, in 
Leavenworth and Lawrence (Oread Training), Kan- 
sas, high schools; Group C, of 21 psychologists, con- 
tributors to The Psychologies of 1930 (22). In all, 
1007 cases are used. There are 14 duplicates, indi- 
viduals included in both Groups A and B. 

Two types of data were secured for each of the 
first two groups (A and B) : Type 1, mental-test 
scores, chronological ages, and resulting intelligence 
quotients; and Type 2, written compositions. Both 
types of data for each group were secured on the same 
or successive days. Mental tests were given all of the 
986 cases : for Grades 4 to 6, inclusive, the Plaggerty 
Inlelligence Examination, Delta 2 (14) ; for Grades 
7 to 12, inclusive. The Terman Group Test of Menial 
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Ability, Form A (33). Tests were administered by 
the writer and two assistants, high-school instructors 
experienced in the administration of tests. All tests 
were carefully scored under the supervision of the 
writer, who rcchecked a random sampling to deter- 
mine the accuracy of scoring. All computations of 
chronological age and intelligence quotient were 
checked twice. 

Nature of Group A, Both Holton and Baldwin 
are small Kansas towns, with populations drawn large- 
ly from rural communities. Oread Training high 
school is a tuition-free high school maintained at the 
University of Kansas for experimental and teacher- 
training purposes. 

Table \ shows the distribution of mental and of 
chronological ages for Group A; Table 2, a distribu- 

TA15LE 1 

DlSTRinUTION OF CjIRONOI-OCICAL AND MeNTAL AgES FOR 

Group A, 482 Kansas Pupils, Grades 4 to 9, Inclus- 
ive, FROM Holton, Baldwin, and Lawrence 
(Oread Training) Schools 


Mojulia 

rrcqiicncics 

CA 

MA 

101*110 

7 

16 

111-120 

40 

21 

131*130 

46 

37 

131-140 

44 

42 

141-150 

61 

45 

151-160 

67 

80 

161-170 

71 

72 

171-180 

76 

6+ 

181-190 

47 

49 

191-200 

/ 

33 

201-210 


14 

211-220 

Over 191* j 23 

6 

221-230 

\ 

3 


*Not compntctl over 16 yoars. 
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TABLE 2 

Distribution of Intelligence Quotients, Group A, 482 
Kansas Pupils, Grades 4 to 9, Inclusive, prom Holton, 
Baldwin, and Lawrence (Oread Training) Schools 


IQ 

Holton 

Frequency 

Baldwin Oread Tr. 

Total 

60- 64.9 

1 



1 

65- 69.9 

1 

3 


4 

70- 74.9 

3 

1 


4 

75- 79.9 

3 

9 


12 

80- 84.9 

23 

6 

1 

30 

85- 89,9 

24 

20 

1 

4S 

90- 94.9 

21 

22 

1 

44 

95- 99.9 

31 

21 

4 

56 

100-104.9 

32 

20 

6 

58 

105-109.9 

38 

27 

3 

68 

110-114.9 

28 

15 

2 

45 

115-119.9 

18 

19 

4 

41 

120-124.9 

12 

10 

1 

23 

125-129.9 

S 

6 

3 

14 

130-134.9 

6 

3 

1 

10 

135-139.9 

6 

3 


9 

140-144.9 

9 

3 


12 

145-149.9 

2 

1 


3 

150-154.9 

1 

2 


3 

Totals 

264 

191 

27 

482 


Menn IQ, 10+.55 
Sigma, ±16.4 


tion of intelligence quotients. Chronological ages 
range from 101 to 192 months {not computed above 
16 years) ; mental ages from 101 to 230 months. The 
range of intelligence quotients is from 60 to 154. 
There is a slightly larger percentage of cases in the up- 
per levels than normally is found. A mean intelli- 
gence quotient of 104.55 and sigma value of 16.4 indi- 
cate an approximately normal group, however, accord- 
ing to Terman’s (32, pp. 78-79) norms. Approxi- 
mately 68 per cent of the cases in the present study fall 
between 88 and 121 ; or, stated conversely, 16 per cent 
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fall below 88, and !6 per cent above 121. Terman finds 
IS per cent of unselectcd school children falling below 
88, and IS per cent above 1 13. Cases in the present 
study, therefore, depart from Terman’s standards by a 
slight superiority only. 

Since Group A was to form the basis for the de- 
tailed analytical study, the writer chose to select it 
from communities in which there was little likelihood 
of finding pupils with language handicaps. So far as 
he was able to determine, no child included in the +82 
is from a home where Knglish is not spoken. 

Nature of Group B. The second group (B) con- 
sists of 50+ pupils. Grades 9 to 12, inclusive; 41+ from 
the Leavenworth (Kansas) and 90 from Oread Train- 
ing (Lawrence, Kansas) high schools. The Leaven- 
worth pupils number all who were available during 
the unassigned teaching hours of Miss Bertha Roberts, 
instructor, who administered the tests and secured the 
written work; and Oread pupils, all of those present 
in the forenoon on days when data were secured. 

Leavenworth is a town with varied population, the 
location of an officers’ training fort, a Federal peniten- 
tiary, and a soldiers’ home. In addition to the above 
institutions, Leavenworth supports several manufac- 
turing industries. 

The composition of the Oread high school has been 
presented previously. 

Tabic 3 presents the distribution of chronological 
and mental ages for Group B. Range in mental age 
is from 121 to 2+0 months. The lowest chronological 
age is 151 months ( 12 years, 7 months) . Table + shows 
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TABLE 3 

Distribution or Chronological and Mental Ages for 
Group B, 504 Kansas Pupils, Grades 9 to 12, In- 
clusive, FROM Leavenworth and Lawrence 
(Oread Training) High Schools 


Months 

CA 

Frequencies 

ma 

121-130 


1 

131-140 


2 

14M50 


10 

151-160 

7 

17 

161-170 

28 

58 

171-180 


80 

18M90 

124 

99 

191-200 


106 

201-210 


68 

211-220 Over 191* 

241 

39 

221-230 


16 

231-240 


8 

•Not computed over 16 years. 

TABLE 4 


Distribution of Intelligence Quotients 

, Group B, 504 Kan- 

SAS Pupils, Grades 9 to 12, Inclusive, from Leaven- 

WORTH AND Lawrence (Oread Training) 

High Schools 


IQ 


Frequencies 

65- 69.9 


1 

70- 74.9 


1 

75- 79.9 


8 

so- 84.9 


13 

85- 89.9 


37 

90- 94.9 


64 

95- 99.9 


84 

100-104.9 


99 

105-109.9 


81 

110-114.9 


55 

115-119.9 


30 

120-124.9 


19 

125-129,9 


7 

J 30-134.9 


4 

135-139.9 


1 

Menn IQ, 102.55 


Sigma, del 0.82 






408 


OENKTIC I'SYCHOl-OOV MONOGRAF*HS 


the distribution of intelligence quotients. Intelligence 
quotients range from 6S to 140. Mean quotient is 
102.SS, with a standard deviation of 10.82. Group B 
approximates Terman's norms (see previous discus- 
sion for Group A) more closely than does Group A. 
Since 68 per cent of the cases have intelligence quo- 
tients falling between 91 and 114, the group forms a 
most satisfactory unit for determining the language 
tendencies of average individuals. 

Nature of Group G. Twenty-one eminent psychol- 
ogists, contributors to The Psychologies of 1030 (22), 
constitute Group C. The volume contains 25 articles. 
Spearman has two contributions, however, and three 
other discussions (those by Adler, Janet, and Pavlov) 
are translations. The volume therefore contains the 
writing in original English of but 21 different indi- 
viduals. These persons were chosen because they were 
as a group distinctly successful, and, by implication, 
mentally superior ; because they were here writing on 
an abstract subject which should involve relationships 
between judgments in a high degree; and because, their 
subjects being similar in purpose, their writing should 
be comparable. Moreover, since the papers were pre- 
pared in order to present certain positions clearly and 
as briefly as possible, they should be less marked by 
artificial structure used for the sake of style than many 
collections of adult writing would be. 

CoMi’OsiTioN Data 

Gomposilions for Group A, Since the purpose of 
the study is to determine the tendency of the child to 
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express relations, it appeared desirable to secure written 
matter approaching as nearly as possible natural ex- 
pression. The writer acknowledges that it is impossible 
to accomplish this result perfectly. Pupils in Group 
A were given the following explanation and request 
by a visitor. The wording and tone of the speaker 
were modified slightly to adapt the request to the va- 
rious grade levels. 

"I have come here from the University of Kansas, 
where there are a good many people studying about liow 
schools ought to be run. They liave just been very much 
interested by some persons who think that we waste 
much time because we school folk go off on vacations all 
summer long. They say that business men and farmers 
work all tlic year, and that it is foolish for teachers and 
pupils to rest all summer. Now, many of the people at 
the University think it might be a good idea to try longer 
terms, but they say that the school children probably 
know more about whether vacations are a waste than 
do any other people. Won’t you please take these 
sheets of paper, and write as rapidly as you can what you 
think about it? We have only twenty minutes; so per- 
haps you will have to hurry.” 

The foregoing directions were given in an attempt 
to secure {a) papers written so rapidly that attention 
to punctuation, spelling, and form would not modify 
the expression; {b) written work colored as little as 
possible by the schoolroom attitude and adult quota- 
tions; and (c) material concerned with the vital in- 
terests and experiences of the children. That the re- 
sults are at least in part satisfactory is evidenced by the 
content. The average length of the compositions is ap- 
proximately 130 words. Considerable disrespect for 
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school limitations and products is expressed freely. 
The sincerity and consequent absorption of the writers 
in the content are indicated by threats to quit school, 
to join the navy, to sIkjw in various ways marked de- 
fiance to any move to lengthen the school year. In only 
one case does the pupil generalize tlirtnighout the pa- 
per. In the other 4H1 papers the pupils enumerate 
their own experiences as evidence, 'riie assij^ned sub- 
ject gives opportunity for argument, exposition, de- 
scription, and narration ; but narration of summer e.x- 
perienccs predominates. The compositions were 
secured wdthin two days of the time when the intelli- 
gence tests were given. 

Compositions from Group B. Because they were 
too mature to be impressed by the directions given the 
younger children, pupils iti Group B were asked to 
write about the best vacations they had had, or to dis- 
cuss the merits of a three-months vacation. Oread pu- 
pils were given the option of writing about a favorite 
book. Pupils in this school are unusually proud of 
their reading accomplishments, and conseqiiciuly many 
chose the second theme. Tests were given and the 
writing secured from Leavenworth pupils during the 
first weeks of May, when vacation was a fascinating 
topic. 

Material from Group G, For the purpose of the 
present analysis, two samples were taken from tlic dis- 
cussion of each psychologist in Group C. Approxi- 
mately the first 20 lines of each article in The Psychol- 
ogies of 1930 and the first 20 lines of the tenth page of 
each article gave 40 lines from each writer. Tlic sam- 
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pie was taken to the first period following the 20-line 
limit. In articles having fewer than ten pages, the 
first 20 lines on the last page were used, instead of lines 
on the tenth page. 

G. Technique oe Analysis 

Analysis of Compositions by Group A, The papers 
from 482 pupils in Group A were read carefully, and 
each finite predicate expressed was tabulated accord- 
ing to its use in the sentence. 

Implied predicates were not included, no matter 
how clear the implication, except where the omitted 
verb was an auxiliary whose complementary verb 
was expressed. This plan was arbitrary, but was 
adopted because of the impossibility of deciding where 
implications were clear in the mind of the writer and 
where they were felt by the reader only. 1 nvork hard- 
er than you, requires the conclusion, work; but the 
child probably does not think work. The frequency 
with which children use a progressive or an emphatic 
form made important the decision concerning such ex- 
pressions as 1 am studying books and working hard. 
As was indicated above, predicates containing two or 
more participles or complementary infinitives after a 
single auxiliary were counted as two or more predi- 
cates. This plan was followed because apparently the 
younger children often lose recognition of the introduc- 
tory auxiliary and use the verb complement as a com- 
plete predicate. The following sentence illustrates; 
In summer we are going to Texas, and going to see our 
relatives, and driving in a car and have a good time. 
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The full classilication in this study appears in Table 
5, and follows closely the classification given by Smart 
(30, pp. 115-116). 

'rABr.K 5 

Classification of Finite Veriis, Used in Analysis op 
Compositions WRirriiN nv Group A 

I. Complete pmlica(cs in indcpcnddiu clfiundfi 

II, Complclc prcdicatCH in dcpciulcnl clau«CB, u«eil n!i 
A, Adverhfl, to cxprciis 

L Time 

2. Cnusc 

3. CondUion 

4. Concession 

5. Place 

6. Purpose or remit 

7« Comparison 

B* Nouns 
C. Adjeedvea 

Inaccuracies in child writing furnished further dif- 
ficulties'in classification. The use of go and go ond ap- 
pears in a variety of expressions where go is apparently 
misused as an auxiliary. 1 often go play ball, W e of- 
ten go and play, We will go visit, We will go and visit 
may be interpreted as having either one or two predi- 
cates to each sentence. It is doubtful whether there is 
any difference in the child’s mind between go play, go 
and play, or simply play. Quite possibly go is merely 
used as an auxiliary, later to be dropped as the Let’s 
play like (often shortened to Let's p’tikc) later becomes 
merely Let's play. In this study these particular uses 
of go are considered auxiliary only, and one predicate 
is recorded for both go and play and go play. 

Difficulties were also found in classification of cer- 
tain adverbial predicates. Such a clause as When I 
am good in the sentence, Mother pays me when I am 
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good, would seem to an adult to express condition 
rather than time. It is here classed in the time cate- 
gory, however, because the actual statement expresses 
time, and because it is impossible to know whether the 
writer may not have been as much concerned with the 
time as with the condition. The problem illustrates 
the complications found in attempting any objective 
study of language. 

Purpose and result categories are combined because 
of the difficulty in distinguishing purpose and result 
in the writing of the younger children. In cases where 
no definition seems applicable, the writer has classed 
the predicate according to the simplest interpretation 
of meaning. 

As a further study of verb units, occurrence of in- 
finitives was recorded. The infinitive is here used in 
a limited sense rather than as including all verb forms 
which are not finite. Smart’s. (30, p. 78) definition is 
accepted: “An infinitive is a form of a verb intro- 
duced normally by the sign to, and used as a noun, an 
adjective, or an adverb.” Two general categories 
were used: (1) the infinitive combined with a finite 
form of be or be going to indicate future time; and 
(2) all other infinitives. 

Analysis of W riling of Groups B and C. Predicates 
used by Groups B and C were classified under two 
headings only: (1) predicates in independent clauses; 
and (2) predicates in dependent clauses. 
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Summary • 


Individuals whose language is here studied are 986 
public-school pupils in Grades + to 12, inclusive, and 
21 eminent psychologists. In all, 1007 cases are in- 
cluded. They range in mental age from 101 months to 
superior adult; in intelligence quotient from 65 to 
above ISO; and in chronological age from 101 months 
to above 70 years. 

The written composition analyzed totals 161,518 
words, Including 20,320 predicates or clauses, 6,596 of 
which are dependent, and 13,724, independent. Table 
6 presents these facts. 

TABLE 6 

Summary of Extent of Data Presented in This Study 

Number of Number of Number of prcdicnlcs 

crises words Independent Dependent 'rotal 


Group A 

482 

Group n 

504 

Group C 

21 

Totals 

1,007 


%2,662 
12.600 
161. S18 




Ill 

THE WRITING OF GROUP A ANALYZED 
AS TO TENDENCY TO USE DEPENDENT 
PREDICATES 

This chapter presents a study of the writing of 
Group A, 482 pupils in Grades 4 to 9, inclusive, to dis- 
cover whether an increasing tendency to use subordi- 
nate clauses accompanies maturation, and, if so, to what 
degree it is a correlate of mental age as measured by 
the tests used, and to what degree a correlate of chron- 
ological age. Use of dependent clauses is expressed 
by the subordination index. This index, as defined 
in the present study, is the ratio of the number of de- 
pendent predicates used by each individual or group to 
the total number of predicates used by that individual 
or group, the ratio being expressed in percentage. If 
the child uses 10 predicates, 4 of which are dependent, 
his subordination index is therefore 0.4 or 40 per cent. 

The writing of the 482 pupils contains 66,256 words 
and 9,156 predicates. Table 7 presents the total num- 
ber of words, and of predicates, and the occurrence of 
predicates in main and dependent clauses. 

TABLE 7 

Frequency of Main and Subordinate Predicates in the 
Writing of Group A, 482 Children, Grades 4 to 9, 
Inclusive, from Three Kansas Schools 


Total number of words written 66,256 

Average length of themes (words) 157.4 

Tolni number of predicates 

In Independent clniiacs 6,649 

In dependent clauses 2,507 

In all clauses 9,156 


[ 415 ] 
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Papers for the 482 pupils in Group A were arranged 
according to the mental ages of the writers and divided 
for purposes of comparison into units of ten mental-age 
months each (lowest group, 101-1 10 months; highest 
group, 231-240 months). The compositions were an- 
alyzed carefully and predicates tabulated according 
to the outline given in Chapter II (see Table 5), 
Subordination index for each child, and mean and me- 
dian indexes for each mental-age unit, were computed. 
To insure correctness in the predicate analysis, one- 
fourth of the papers were analyzed a second time. 
Only 26 changes in classification were made on this re- 
check. Clauses from all of the rcchccked papers and 
their classification arc presented in Chapter IV. 
Table 8 summarizes the data from the papers written 
by Group A. 

TAULE 8 

Mean and Median Suhoudination Fndk.ves ^•OIl Mental-Age 
Units of Tun Months for Group A, 4H2 Pupius, Grades 
4 TO 9, Inclusive, in Three Kan.sas Schools 


MA 

(months) 

Median 

index 

Mean 

index 

Frcc[iicncic3 

lOl-JlO 

137 

17.8 

16 

lU-120 

9.5 

13.2 

2i 

121-130 

17.5 

21.2 

37 

131-140 

18.0 

19.9 

42 

141-150 

23.6 

27.6 

45 

15M60 

28.7 

28.8 

80 

161-170 

33.2 

33.5 

72 

171-180 

30.0 

31.4 

64 

181-190 

31.4 

32.5 

49 

191-200 

30-5 

30.2 

33 

201-210 

30.0 

34.2 

14 

211-220 

27.5 

30.0 

6 

221-230 

22.5 

25.8 

3 


Totnl ‘IR2 
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Table 8 shows a tendency toward increase in pro- 
portion of dependent verbs with increase in mental age. 
Both mean and median measures show approximately 
twice as many subordinate clauses used at the upper 
levels as at the lower. The median index for the 
lowest group, mental age 101-110 months, is 13.7; while 
the index for the 201-210 group is 30.0. (Cases in 
groups higher than this latter one are too few for com- 
parison.) Similarly, the mean for the lowest group 
is 17.8; and for the 201-210 group, 34.2. 

Attention is directed here to the brevity of the sam- 
ples (average per pupil, 137.4 words), and to the con- 
sequent probability that they should not be considered 
adequate measures of individual language develop- 
ment. Nevertheless, correlation of subordination in- 
dexes with mental-age ratings [Pearson product-mo- 
ment formula; see Garrett (11, pp. 163 ff.)] gives a 
coefficient of 0.29±.03. 

Further analysis of Table 8 reveals that both mean 
and median indexes for mental-age group 111-120 
months are lower than corresponding ones for the pre- 
ceding group, mental age 101-110. Similar irregu- 
larities appear at the upper levels. Study of these ex- 
treme units suggests that the irregular increase in the 
index may be due to the selective character of the men- 
tal-age units concerned. Writing samples were ob- 
tained from all pupils in Grades 4 to 9, inclusive. 
Holton pupils wrote in February and Baldwin pupils 
in March. (Data for Oread pupils were gathered in 
October, but do not affect these lower levels.) The 
average age in May of pupils in the fourth grade is 
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given by McCall {18, p. 34) as 128 months. Conse- 
quently, those children with mental age 101-120 months 
may be expected to have low intelligence quotients and 
relatively high chronological ages. Examination of 
the data shows that this supposition is correct. The 
median intelligence quotient for the first unit (mental 
age lOl-IlO months) is 83.5; the median chronologi- 
cal age, 131.6 months. For the next higher unit (111- 
120 months) the median intelligence quotient is 90; the 
median chronological age, 127.5 months. 

TABLE 9 

Mbdian Intecliobncb Quotient, Chronolooicai. Age, and 
Subordination Index for Each Mental-Ace Unit, Group A, 
482 Pupils in Grades 4 to 9, Inclusivb, from 
Three Kansas Schools 


(^) 

MA 

(rtiomhei) 

Mcdinn 

IQ 

Mcdinn 

CA 

id) 

Mcdinn 

Aui>ordinntion 

index 

Number 

of 

discs 

lOMlO 

83.5 

131.6 

13.7 

16 

111-120 

90.0 

127,5 

9.5 

21 

121-130 

98.5 

128.7 

17.5 

37 

131-140 

104.16 

128.8 

18.0 

42 

141-lSO 

97.5 

152.0 

23.6 

45 

ISl-lSO 

99.7 

159.6 

28.7 

80 

161-170 

100.9 

165.7 

33.2 

72 

171-180 

108.25 

164.3 

30.0 

64 

181-190 

108.5 

173.4 

31,4 

49 

191-200 

117.8 

170.9 

30,5 

33 

201-210 

118.3 

167.0 

30.0 

14 

211-220 

125.0 

173.7 

27.5 

6 

221-230 

136.0 

159,0 

22.5 

3 


Table 9 gives median chronological age, intelligence 
quotient, and subordination index for each mental-age 
unit. Comparison of columns c and d discloses a ten- 
dency for rise in chronological age to be associated with 
an increment in the subordination index. This finding 
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FIGURE 1 

Curve of Median Chronological Ages for Successive Men- 
tal-Age Units, Group A, 482 Pupils, Grades 4 to 9, Inclusive, 
IN Three Kansas Schools (from Table 9) 



FIGURE 2 

Curve of Median Subordination Indexes for Successive 
Mental-Age Units, Group A, 482 Pupils, Grades 4 to 9, In- 
clusive, IN Three Kansas Schools (from Table 9) 
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is in harmony with the inferences from Table 8 and 
may explain the apparent contradiction of the first 
two units therein. The opposite relation appears at 
the upper levels, where high mental age is combined 
with low (comparatively) chronological age, and in- 
dex is also lowered. Figures 1 and 2, presenting 
graphically both median subordination index and 
chronological age at each mental-age level (data from 
columns c and dj Table 9), show a marked tendency 
for index variations to parallel those of life age, when 
mental age is constant. 


table 10 


Mean and Median Subordination Indexes for Curonoeooi- 
cad-Aqu Units of 7'bn Months for Group A, 482 Pupils, 
Grades 4 to 9, Inclusive, in Three Kansas Schoom 


CA 

(monlliB) 

McdUri 

index 

Menu 

index 

Frequencies 

lOMlO 

ii.2j 

10.0 

7 

111-120 

17.5 

!9.0 

40 

121-130 

17.8 

n.% 

46 

131-HO 

22.0 

2l.2t 

44- 

UM50 

2».+ 

27.9 

61 

I51-l<i0 

29.+ 

32.3 

67 

ldl-170 

30.7 

31,1 

71 

171-180 

30.0 

30.6 

76 

181-190 

33.fi 

34.+ 

47 

191 and over 

3«.2S 

36.6 

23 



Total 

432 


Table 10 presents the data just discussed by chrono- 
logical rather than mental age. Correlation of the 
subordination index with chronological age (Fcarson 
product-moment formula) gives a coeflicient of 0.41 ± 
.03, slightly higher than that with mental age. 

From the preceding it is apparent that there is a 
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positive relation between the increasing tendency to 
subordinate verbs and growth in both mental and chron- 
ological age, although, as previously stated, samples 
here included are probably not sufficient to measure 
individuals. Use of partial correlation to determine 
the role of either mental or chronological age is not 
justified since in the light of the above coefficients the 
subordination index appears to be a correlative both of 
chronological and of mental age. Burks discusses this 
point (4, pp. 12-13) : 

"In any study of causation we are partialling out too 
much when we render constant factors which may in 
part or in whole be caused by cither of the two factors 
whose true relationship is to be measured, or by still 
other unmeasured remote causes which also aficet either 
of the two isolated factors." 

In order, therefore, to distinguish the relations of 
the subordination index to mental and to chronologi- 
cal age, and to consider group tendencies father than 
individual scores, the cases within each mental-age 
group were further divided. Two subdivisions were 
made: (A) those whose chronological age is lower than 
the lowest mental age within the unit; and (B) those 
with chronological age equal to or above the lowest 
mental age of the unit. For example, in the mental- 
age unit 121-130 months, Division A contains all those 
cases with chronological age up to and including 120 
months; Division B, those with chronological age 121 
months or above. Division A is therefore a superior, 
and Division B, an inferior, group as measured by in- 
telligence quotient. Table 11 shows the results of this 
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TABLE 11 

Comparison op Median Indexes por Low and Hiqu Chrono- 
LOoicAL Divisions within Each op Edeven Mbntal-Aob Units 
poft. Group A, 482 Pupii^, Grades 4 to 9, Inclusive, prom 
Three Kansas Schooi^ 

CA Number of Med! on 

(montha) cnaca Index 

MA Div. A Dlv, B Div. Div. Div. Div. 


(montha) 

(High IQ) (Low IQ) 

A 

B 

Tolnl 

A 

B 

Total 

lOMlO 


111-178 

0 

16 

16 ~ 


11.7^ 

13.7 

111-120 

108-109 

111-179 

2 

19 

21 


10.25 

9.5 

12M30 

110-120 

121-192 

12 

2S 

37 

17.5 

17.5 

17.5 

13M40 

110-130 

11t-liS9 

23 

19 

42 

17*9 

19.75 

18.0 

14M50 

110-140 

141-190 

15 

30 

45 

20.5 

26.7 

23.6 

151-160 

112-130 

151-192 

30 

50 

80 

25.8 

30.6 

28.7 

lfiM70 

112-UO 

161-192 

29 

43 

72 

29.2 

38.5 

13.2 

171-180 

111-170 

171-192 

41 

23 

64 

29.6 

30,5 

30.0 

18M90 

127-180 

181-192 

36 

13 

49 

31.0 

34.1 

31.4 

191-200 

142-188 


33 


33 

30.5 


30.5 

201-210 

IS 1-181 


23 


23 

29.5 


29.5 


Totnla 


244 

23S 

482 





Division A: Catea wboie chronological age ia Icaa (hnn lower limita 
of mental-nge unit. 

Division B; Cases whose chronological age is above lower limit of 
mentnUngc unit. 

division. Median rather than mean scores are given 
because of the small number of cases in the divisions. 

It may be seen from Table 1 1 that median indexes 
of subordination are consistently larger for the low- 
intclligence-quotient group than for the higher at each 
mental-age level save one (121-130), where the indexes 
are identical. Reference to column 2 shows that at 
this level the 12 cases in the high-intelligence-quotient 
division (A) are but slightly superior, the chronologi- 
cal ages (110-120) approaching closely to mental age 
(121-130). If subordination is a correlative of chron- 
ological-age development, this index should approach 
— as it does — that of the low-intclligcnce-quotient 
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(iiigh"chronological-age) division. Conversely, at the 
last interval, where chronological age is actually lower 
(see column 2) than at the previous level, the index 
again drops slightly. Figure 3 presents graphically 
the data from the seventh and eighth columns of Table 
1 1, just discussed. 

Jh 
35 
3o 

15 


iCt /// m m i¥i I5t tit I7t /S/ l?i 2(1 Jilt 25} 2(tf 

MA (months) 

FIGURE 3 

Curves Showing Relative Increase in Subordination Index 
FOR HigH' and Low-IQ Groups, Group A, 482 Pupils, Grades 
4 TO 9, Inclusive, in Three Kansas Schools 

high IQ group (Division A, Table 11) 

low IQ group (Division B, Tabic 11) 

Figures 4 and 5 arc growth curves showing the 
relation of the index of subordination to mental and 
to chronological age. Although individual indexes 
derived from the brief samples written by the 482 chil- 
dren do not give a high correlation with either mental 
or chronological age, the curves here presented sug- 
gest tliat there is a relation between maturation and the 
development of complex language structure. 
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ai 11/ /It /j/ /f/ /j/ /a m it/ ijt xot in ut 


MA (months) 

FIGURIC 4 

Curve op Mudjan Subordination Indexes at Increasing 
Mbntal-Age Levels, Group A, 4H2 Pupils, Grades 4 to 0, In- 
clusive, IN Three Kansas Schools (from 'PAHLii 8} 



FIGURE S 

Curve of Median Subordination Ikpexes at Increasing 
Chronolooical-’Agi; Levels, Group A, 482 Pupils, Grades 4 to 
9, Inclusive, in Three Kansas Schools (from Table 10) 
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Summary 

Language development, as an accompaniment of 
mental- and chronological-age growth, is marked by an 
increase in the percentage of subordinate predicates to 
total predicates used, if we may judge from the rapidly 
written composition of children in Grades 4 to 9, in- 
clusive. 

The subordination index is a function of both mental 
and chronological age, but is markedly influenced by 
chronological age when mental age is constant. 

The foregoing statements suggest the following ques- 
tions : 

1 . Does the fact that the subordination index agrees 
more closely with chronological than with mental age 
indicate that mental tests used in the present study fail 
to sample all mental abilities? Or, in other words,' that 
a sense of relation as indicated by use of dependent 
clauses is not measured by the mental tests used? (The 
statement is frequently made that group intelligence 
tests are too highly influenced by language skill. The 
results here presented would indicate that, if this is so, 
the kind of language skill demanded for responses is 
not that represented by the subordination index here 
discussed, since this index is markedly influenced by 
chronological age ‘within mental-age limits.) 

2. Does the influence of chronological age on the 
subordination index indicate that experience (environ- 
ment) is a considerable factor in modifying language 
skill? 

3. Does the influence of chronological age on the 
subordination index indicate that language develop- 
ment is dependent upon maturing structure? 



IV 


THE WRITING OF GROUP A ANALYZED AS 
TO THE FREQUENCY AND CONTENT OF 
THE VARIOUS KINDS OF DEPENDENT 
CLAUSES 

A . Frequency of Various Types of 
Dependent Clauses 

As was stated in Chapter II, the subordinate predi- 
cates used by Group A were classified as to the func- 
tions of the clauses in which they occurred. The three 
main divisions — noun, adjective, and adverb clauses — 
were first made. Adverb clauses were further sub- 
divided according to Smart’s (30, pp. US- 118) classi- 
fication into clauses of time, place, cause, purpose and 
result, condition, and concession. Two additional 
classifications of adverb clauses given by Smart, clauses 
of manner and those used to modify adjectives, were 
not found useful. No child used a clause of manner; 
and only two, clauses modifying adjectives. One of 
the latter clauses had as its meaning result and was so 
classified; the other, meaning time, was placed in that 
category. 

Table 12 presents a distribution of the various types 
of subordinate clauses as they appear at the several 
mental-age levels, and Table 13 gives the same data in 
percentages, but with mental-age groups of 20 instead 
of 10 months each. Frequencies for the three upper 
levels are so few as to make the figures for these units 
of little significance. 
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It is evident from examination of Tables IZ and 
13 that, while the number of each type of dependent 
clause increases in proportion to the total number of 
clauses used, the distribution of these dependent clauses 
into functional categories remains fairly constant. That 
is, the child at mental age 200 months uses approxi- 
mately twice as many dependent clauses as he used at 
mental age 100 months, but roughly the same percent- 
ages of these clauses are used to express cause at both 
levels. Time and adjective clauses show greater va- 
riation in this regard than do any other types. This 
fact may be due to a real change in thought emphasis, 
to a changing manner of expression, or to changing 
relation of the topic assigned for the present study to 
the life interests of the children. As stated in Chapter 
II, clauses introduced by when were classified as time 
clauses, although frequently they suggested cause, con- 
dition, or even concession. 

The reader should remember that the percentages 
given in this chapter are based on the total number of 
subordinate clauses only. Concession clauses, there- 
fore, which represent at no level more than 0.7 per cent 
of the total subordinate clauses, include considerably 
less than 1 per cent (0.2 of 1 per cent) of the total 
clauses at these levels. In other words, one clause of 
concession may be found in 500 running clauses. 
Clauses of condition, concession, place (adverbial), 
purpose, and comparison all appear most infrequently 
wlien compared to the total number of all clauses used. 
Time, casual, adjective, and noun clauses are the sub- 
ordinate types most used. Such information appears 
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highly significant for the teaching of grammar, if such 
teaching is intended for functional purposes. 

The findings at the lower levels may be compared 
with those of Boyd (3) for age nine years. He found 
an increase in proportion of noun clauses used from 
fourth to ninth years (34 per cent, third year; 42 per 
cent, ninth year). His is a considerably larger per- 
centage than that found in the present study, In view 
of the fact that his 18 novelists use but 42 per cent noun 
clauses, it may be questioned whether his one child is 
typical. Plis percentage of adjective clauses is ap- 
proximately the same as found in the present study for 
the 37 cases at 101-120 months, but his adverbial clauses 
are fewer. 

Table 13 suggests that, if time and adjective clauses 
were classified more accurately as to meaning, the de- 
veloping use of subordinate clauses might be found to 
represent a fairly constant growth in relations concepts. 

B . Content of the Various Types 
OF Dependent Clauses 

Further analysis of the types of expression used is 
presented in the following pages by comparing sample 
clauses written by the children at the various mental- 
age levels. Samples were obtained as follows: All 
subordinate clauses written by the first ten children in 
each mental-age group were copied and each structu- 
ral group assembled for purposes of comparison. All 
time clauses, for example, written by the children 
chosen from each level are presented in one series, from 
those written by the first child in mentai-age group 
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101-110 months, to those written by children in the 
highest group, W tthin each mental-age group, how- 
ever, samples are arranged according to the intelligence 
quotient of the writer. Because the very young chil- 
dren wrote comparatively few dependent clauses, all 
cases in the lowest group are included. The subordi- 
nate clauses for 125 of the 482 papers are thus pre- 
sented. For the sake of brevity, modifiers not essential 
to the understanding of the sentence or clause are 
omitted. Faulty spelling and sentence structure are 
not corrected. 

Distribution of the samples by mental-age groups 
is as follows : 


Mental-age (months) 

Cases 

^ 101-110 

16 

Ul-120 

10 

121-130 

10 

131-140 

10 

141-150 

10 

151-160 

10 

161-170 

10 

171-180 

10 

181-190 

10 

191-200 

10 

201-210 

10 

211-220 

6 

221-230 

3 

Total 

125 




Time Clauses 

MA 

IQ 

Clause 


101-110 60 When school is out I will be glad. 

73 When it was time, I had to do the washing. 
When it was time to put up hay, I rake all of it. 
When my brother got kick, I had to work. 

76 When we got there I saw the mountains. 
When we got home I was surprised. 
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MA IQ Cla\isc^ 

83 When it h tiark I will ro to bed. 

When I wake up* and 

(when I) cat my breakfast, I will walking. 

9 1 When the kids coinc out to play • * we play. 
Wlicn I don*t want to lake my dog, I put my doll in. 
When I come hack I take both of tltcm. 

92 When I get there I will write you a letter. 

94 When I got lionic I went swimming. 


11M20 


76 When I get back I am going to make a garden. 

80 When you arc in school you can't have so much fun. 

When you arc out of school (you can have fun). 

82 I am going to work imtill school startes. 

88 I stayed till school started. 

89 Wen I got home it was Saturday. 

97 When I got there I took it off. 

99 When I get out of scliool I take my books and play 
school. 

When my friends come to visit we play house. 

108 When summer comes I am going, 

After I am through 1 will play. 

I have to staj^ till lie grow old. . 

After the fun began, I played. 

108 I am going to work untill school starts, 


121430 


66 When I get through I go on a picnic. 

We go three months before w'c start again. 

87 When )^ou learn geography that is about traveling. 
87 I would keep house while my mother was away. 

95 When I get my work done I set down. 

When evening comes slic will tuck us in bed. 

When we started Into school we did not have many 
things. 

When school starts again mother will get our tilings 
ready. 

99 I get kcrcine for him while lie is busy. 

99 1 am glad for him while he is busy. 

99 I am glad when school is out. 
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MA 

107 When we got our work clone he and I went fishing. 
After the two months was over we went home. 

After We got home we though we would stay. 

When we got there we saw animals. 

When the circus was over we went home. 

When we was going we had a flat tire. 

When my cousin came home he visited me. 

Teachers are glad when vacations are, and (when) 
they can go home^ and (then can) see their folks. 
When wc got home it was eight o*cIock. 

I am glad when school is out. 

When school was out I went on a car trip. 

While I was there I learnt to s%vim. 

I thought nothing of school but when mother asked 
questions. 

After we had a good swim we went in the spring 
house. 

After we got there wc looked around. 

When I have a vacation I go to see some sick person, 

141-150 81 A month after school started they brought me back, 

97 We played until wc were ready to come home. 
When we got to H — that was where we lived. 
When the parade started my brother and I rode in it. 
When the parade was over they had riding. 

After the fair was over we went to Colorado. 

When wc came home we went to S — . 

108 W)ien I work on the farm I will liusk corn. 

151-160 82 Most of the pupils would quite when they are thir- 

teen or fifteen. 

When the older folks died what would this country 
be? 

101 After wc came out of the capital building we went 
to a building called Author’s building, 

105 Wlicn everybody was up we began to open the 
presents. 


131-140 96 

101 

103 

104 

104 

106 


IQ Clause 
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MA IQ Clause 

106 We nre working tu make the best of our time 
until school is out, 

107 After school was out I studied for the examination, 
After she came back 1 had company, 

After I came back mother got my clothes ready. 

135 When I did get to play I tliouglit it fun. 

When papa went along we would carry n water- 
melon or two, 

161-170 85 My best vacation was when I went fishing^ and 

(when) I went all over, and 
(when I) seen a lot, 

88 When I have spare time 1 am reading books, 

89 After school is out I help my father. 

After corn is laid by we take trips. 

After we get back there arc fairs. 

We w'ould quit as soon as we graduated. 

93 Before you would get to the summer resort you 
would get pleasure out of seeing things, 

94 The best vacation was when I went to visit B — , 
When we returned I wished we were just starting, 
A nice vacation was when I visited in 

100 When we had the problems in school they were 
easy for me. 

106 When we came back we would have quite a lot of 
fish, 

171-180 89 After school is out I go to my home, 

I spend vacation there until school begins. 

We need a rest when it gets hot, 

93 I rode it while we was there. 

94 After school is out I am at home. 

When I came home I staid for a week. 

When I returned I felt I had a nice summer. 

When a pupil tries he should have time to rest, 

99 We were watching ns we drove along. 

I had a funny feeling ns I left the U. S. A. 

When we got back the corn was the best. 
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MA 


181-190 


191-200 


IQ Clause 

103 They were ready when school began. 

109 I wouldn^t be so tired when I have to be here. 

You can work harder when you do go away. 

114 When we got there it was raining. 

When we got out we saw a little house. 

He had belongings before he died. 

It refreshes a mind when it has rest. 

118 While I was in Iowa I was on a farm. 

When we went into the mountains we went on 
lookout. 

97 I occupy myself until dusk comes. 

When the store is closed my parents and I take 
visits, 

102 When vacation opened our alfalfa was ready to 
put up. 

After it was up I helped feed cattle. 

106 When school is out I am anxious to get home. 

When the threshing is done we start plowing. 

117 I work while it is cool. 

When it is hot I do anything, 

119 When we got home I would work. 

123 After they left we went to C — . 

102 I have a delightful time while I am there. 

It's like in spring when you feel ... 

110 When school was closed I spent my time helping 
father, 

I could go fishing when I did not have much to do. 
Before school started we went to the Ozark. 

118 Wlien 1 was eleven I asked to visit my uncle, 

128 The neighbors call on me to take care of children 
while they go some place. 

I have not time while school is going on. 

When we have vacation, after it every pupils enters 
school with enthusiasm. 

They were in a schoolroom when the outdoors is 
calling. 
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MA IQ Clause 

132 When there arc violets in the timber I go to places 
wlicrc they are. 

201-210 114 When 1 work I can save money. 

116 I tlo not have time when I am in school. 

Heforc I can realize it vacation is over. 

124 We would be too younj^ wl\en ^Yc ^ot out ot school, 
While 1 was there I went to a place called S — . 

125 It would he punishment to spend the summer indoors 
when it is so inviting out-of-doors, 

129 I go to rest before school starts. 

When I do not want to go anywhere in particular, 
home seems very pleasant. 

130 When my aunt comes (U) her vacation she takes us, 
After we come back I help my mother. 

I help my mother till school starts. 

211-220 120 It Is then that I read boob. (Classified according 

to meaning.) 

123 I would spend my time tlierc until I would start 
home. 

On Sunday it was about eight o'clock before I 
arose. 

149 While I was at home I would work in the garden. 
When it was hot I would go swimming. 

221 •‘230 136 After school was out 1 visited a school at T — . 

When we returned I commenced taking piano les- 
sons, 

151 My best vacation was when I went from K — to 
D— . 

While we were on the steamship my father and I 
went downstairs. 

As we proceeded we passed the mouth of the Ohio. 
l5l When 1 was seven or ciglit years old 1 lived h\ 13 — . 


Study of the foregoing time clauses discloses a 
change in the content in addition to the increase already 
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noted in the relative frequency. At the lov?est men- 
tal-age level every clause is introduced by when. Time 
sense is comparatively vague. When I wake up and 
eat my breakfast I will go walking relates a series of 
events in temporal order. When school is out I will 
be glad suggests to the adult: I will be glad because 
school is out. The child’s expression merely indicates 
association of the ideas, being glad and having no 
school. The being glad is not necessarily an accom- 
paniment of the whole vacation. 

It is not the province of the present study to deter- 
mine whether this failure to express relations clearly 
(from the adult point of view) is due to inability to 
recognize the relations, or to lack of adequate language 
tools in the same sense that one may lack the name for 
an object which he has handled and used. A para- 
graph from Piaget, written as a part of his discussion of 
the young child’s use of conjunctions, is interesting, 
however (27, pp. 21-22) : 

"It might be claimed that mistakes such as we have 
been discussing are purely grammatical and have no con- 
cern with the child’s thought. . . . Whether or not there 
is in such cases any confusion between cause and effect, 
or between cause and logical reason, etc., is quite another 
matter. What we are examing now is simply the verbal 
expression of causality or rather the narration of causal 
sequences. All that we claim is that in such narration 
the child is incapable of differentiating clearly between re- 
lations of causalit)’, or sequence and of justification (how- 
ever clearly he may have distinguished them in concrete 
observation) ; which means that he is incapable of assign- 
ing a fixed function In speech to each of these relations. 

In a word, it corncs to this, that the child cannot give 
an account of facts." 
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No child in. this lowest group uses a conjunction indi- 
cating exact relation as might be expressed by (tjier, 
until, or similar words. 

Half the clauses in the second unit ( 1 1 1420 months) 
show more exact expression. A growing precision is 
apparent as the children develop. Occasional uses of 
when indicate generalization. At mental age 171-180 
months appear four such examples: It refreshes a mind 
when it has rest. We need a rest when it is hot. You 
can work harder when yon do go away. When a pupil 
tries he should have lime to rest. At the two upper 
levels only three when clauses arc used. Two appear 
satisfactory from the adult understanding. Only one, 
When we returned I commenced taking lessons, shows 
loose association. 

Causal Clauses 


MA 

loT-Tio 


IQ Clause 

60 I 'Will he glad when school is out because I am 
going (Isliing. 

73 I had to do it (the washing) because my mo titer 
was sick. 

76 I do not like to go to school because I do not 
have fun. 

80 We don’t have many iicighbors because wc only 
get to see them once in a while. 

80 I do not want school because I want to hiivc a 
trip. 


111-120 98 I want a vacation because wc can go on a trip, and 

(because) I can go, and 
(because I can) stay, and 
(because) 1 can help. 

I want a vacation because you can ride, and you 
can make money. 
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MA 


121430 


131440 


141450 


IQ Clause 

I want to go because I want to hall water, 

71 I like vacation because we can take trips. 

I like school because you can leain to spell and you 
can learn geography. 

People ought to have vacation because they have 
school. 

95 I work because my mother needs me, and 
because she has to work hard, 

She has to work hard for she has washing to do, 
and she has seven to take care of. 

My sister would wipe theca (dishes) for we took 
turns. 

99 I do not want school all summer because I learn 
as much at home. 

103 I wouldn^t like school all time, for I go to my 
grandpa^s. 

104 It was late, for mother was getting breakfast. 

106 Wc took off our coats, it was so hot. 

84 I do not think any person needs school the year 
around because nine months is enough, and it is 
too hot. 

97 Wc rode them because it was only eleven miles. 
Our man almost got killed because a horse fell on 
him. 

108 I like vacation because I learn things, and 
I study birds. 

I can swing because I live on a faciUv 

I do not want to go to school because we get tired, 

and 

(because) we like to see our cousins. 

105 Wc had to go on the train for the car was loaded. 
108 I like vacation because you may see wonderful 
things. 


151460 
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MA IQ Clause 


161-170 85 It isn't necessary for Uic pupil wouldn't get vaca- 

tion. 

I'be only ones arc tlie teacher for they could get 
more money, 

88 Twelve months is too much because the students 
would not have no outing, and 

(because) they would have scIkjoI on their minds 
all of the time. 

89 I like these trips because I can sec the country, 
and 

see how people farm, and 
see how much difference there is. 

There Would be no pupils because we would quit 
schooh 

94 1 wished we were just starting, for it was near 
time for school. 

96 We should have eight months school because vaca- 
tion passes quickly. 

100 I do not think it right because we would have too 
much study, and 

we learn as much in nine months, and 
you learn a lot on trips. 

17 1-180 89 I don't approve of school twelve months because I 

think we need a rest. 

103 I am going to have my brother show me, as he 
teaches there. 

109 Vacation is necessary, for it gives you time to rest. 
1 14 We should have nine months because it refreshes a 
person. 

118 I think this, because it would give us much vaca- 
tion, 

181-190 lOO I don't think we ought to have school hccnusc I 
need the time, 

102 The pupils would not be for it because they would 
get stale, and 



LANGUAGE DEVELOPMENT OP CHILDREN 


++1 


MA IQ Clause 

because they would not study so hard. 

110 I take music lessons in summer for in the winter I 
have school. 

I take lessons in summer for "all work and no play 
makes Jack a dull boy/* 

117 School shouldn’t run (in summer) because every- 
one gets tired, 

119 I worked as wc run a dairy. 

It is not good because it gets so hot. 

141 I wouldn't like school all the year because it would 
be so hot, and 

because all work and no play makes Jack a dull 
boy. 


191-200 


105 It would be unfair because they can't do their 
best, 

106 School all year is a bum idea, because one’s mind 
gets dull, and 

he forgets everything, and 
a person wouldn’t learn. 

109 I was interested because I had never seen them 
before. 

Ill I learned for I have actual experience. 

They gain in knowledge because they have access 
to plants. 

I do not feel my vacation wasted, because I learned 
about cooking, 

118 As I live in a small town, I love to spend my vaca- 
tion in cities. 


201-210 114 It is fun to pick cherries because you can eat, and 

you can earn money. 

116 I practice as it is my ambition to become a good 
player, 

124 Shorten the year, for you remember . . . 

139 Beings as I live on a farm, I have good times. 

211-220 123 I do not believe in more than nine months because 

many children have to work, and 
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MA IQ Clause 

because lliey \voul<l have lo t|uit school. 

133 I am glatl that we don’t have school. (Classified 
according to meaning radicr than structure), 

221-230 151 Tilts was enjoyable as we saw the country, and we 

crossed the Alississippi. 

As I am supposed to write I will give ray ex- 
perience. 

151 1 do not count last summer’s vacation lost because 

I have become acquainted witli a life totally dif- 
ferent. 

Structurally the causal clause appears to offer little 
difiiculty to these 482 children. With two or three 
exceptions, the causal clause follows the independent 
(result) statement. As one might e.xpect, the relations 
expressed are very closely concerned with the chil- 
dren’s own experiences. In few eases is there any at- 
tempt to generalize. 1 like vacation because I take 
trips. I can smng because I live on a fanuj and I 
practice as it is my ambition arc typical. The limita- 
tions of the assigned topic may in part be responsible 
for the fact that the causes given arc chiefly causes for 
the children’s own feelings, Such "reasons” fall into 
what Piaget (27, p. 608) calls an intermediate class, 
between relations of cause and of effect, and logical re- 
lation. There is a slight tendency toward broader Un- 
derstanding at the upper levels. As and for are 
adopted as conjunctions, supplementing because, which 
alone suffices up to 131 months. 
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Conditional Clauses 

MA IQ Clause 

101-110 69 If we have to go to school there will be lots of 

these * * ^ 

79 If they were busy I would help, 

111-120 82 If you go to school you cannot make money. 

121-130 66 If we don*t have vacation we won't get off for 

anything* 

69 If we have three months I will get to go. 

If we have to go twelve months I won’t get to, 

131-140 106 The spring house was as cold as if there had been ice 

there, 

141-150 84 If you are going to go to school I think you ought 

to get vacation. 

86 If a kid does not have vacation he will not built 
up his body. 

93 If wc worked all the time we would not be healthy. 
If we keep our mind going it would get very tired, 

108 Wc would not have time (for play) if we had 
school. 

122 If I got so many orders I got a prize. 

151-160 82 If we have twelve months I am at the age where I 

can quit. 

If we had school twelve months tliere would be a 
lot of cliildren that would not have books. 

82 What would this world be if there were none of 
the young folk around. 

If we had school the year around most of pupils 
would quit. 

135 If 1 did not do this I would go. 

161-170 89 If wc went the year around we would get tired, 

93 If you had a great distance to travel you would 
get enjoyment. 
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MA IQ Chiu^c 

You would get cnjujiiiciit if you were going to Yel- 
lowstone. 

94 If we had lo go twelve months I would get tired. 
96 If we went tlic year around we would forget liow to 
play. 

If w^c had school tlic year around there would be a 
lot of people (luit. 

100 If we had school we would have to be worrying. 

If we were not going to school we would have a 
rest. 

If we shouldn't have a vacation wdiy do employers let 
their helpers have vacations? 

17M80 103 If they have a vacation they arc ready for school. 

109 If you don't go to school so long you like it better. 
If yo\i went to school all year you 'wouldn't be as 
healthy. 

134 The parents would be more willing if we only 
went nine months. 

181-190 102 They wouldn't study so har<l as if they had nine 

months. 

191-200 105 If I have to go twelve uiontbs I quit, 

110 If a person thinks we should have twelve months 
he does not know. 

111 I wouldn’t have learned if I had been attending 
school. 

They would not take tlicse trips if they were in 
school, 

128 If they make us go to school all year we will get 
tired. 

If they were cooped up in a hot schoolroom, they 
wouldn't * 

If they make us go in summer time we will have no 
time for sports. 

137 If anyone opposes this idea, I do, 



LANGUAGE DEVELOPMENT OF CHILDREN 


4+5 


MA IQ Clause 

201-210 116 If we were to have school continually, students 

would become tired of it. 

121 If you read out of a book it is just taken as com' 
monplace. 

124 If you do not think so, just try it, 

If you would have school twelve months the stU' 
dents would go on a strike. 

If you had school twelve months, the students would 
get tired. 

130 I don’t know what my mother would do if I never 
had vacation. 

139 I learn more than if I went to school. 

If we didn’t have at least three months vacation 
we would get tired. 

If you want to do something, shorten the year, 

211-220 123 If they had twelve months of school, they would 

have to quit. 

221-230 No conditional clauses. 


Conditional clauses appear to change little in qual- 
ity, but to increase in gross (not relative) frequency. 
They offer no structural difficulties inherent in their 
specific nature, if the examples here presented are typi- 
cal. • i ji-rl 

Concession Clauses 

MA IQ Clause 

121-130 98 I have to work if I am a girl. 

151-160 135 I thought it fun even if I only had five or ten 
minutes. 

181-190 117 I have a good time, while at the same time I make 


money. 

201-210 114 Although it is hard I would rather do that. 
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If the compositions in this study may be taken as 
typical, the use of concessive clauses is very rare with 
children at the levels studied, since I2S children, writ- 
ing approximately 17,000 words, use only four con- 
cessive clauses. 


Clauses op Place (AuvERniAL) 


MA 

IQ 

Clause 

14M50 

81 

This is where I had my fun. 

151.160 

101 

1 have went picknickiiig wlicrc I would go swiiri' 
m(ng and 

(where I woldd) have a good time. 

181-190 

97 

It is hot tvcrjn^dicrc one goes, 


106 

Wc plow where the oats >vas. 

191-200 

109 

I was around where they lived. 

201-210 

129 

I go where I choose. 

I plan to go where I hope to sec many new tilings. 

211-220 

136 

Wc went where wc learn to put up tents. 

I visited whore my cousin went. 


The relatively small number of adverbial clauses of 
place should not be interpreted as meaning that the 
child seldom expresses ideas of place by means of a 
clause. Many place clauses arc, however, adjectival. 
The children in the present study seem to prefer to use 
the latter form. 

Purpose and Result Clauses 

MA IQ Clause 

101-110 69 I work so I can buy books, 

so I can go to school. 

88 I put tbeitt in water so they will keep. 

You can ntakc money so you can go to C — , and 
pay your own way. 


111-120 
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MA 

IQ 

Clause 


109 

We were so full that wc couldn^t walk. 

Wc arc so emptc wc want an apple* 

141-150 

84 

I like to find where animals arc so I can trap 
them, 

I want vacation so I can make money. 

161-170 

106 

It would be better to have vacations so we could 
have a little fun. 

171-180 

89 

It gets so hot that you can hardly sit in school. 


93 

I get so interested that I cannot stop. 


103 

It gets to hot they get tired. 

It gets to hot they can't do good work. 


104 

It would be so hot that the students would not 
study. 


114 

They Imd us sign our names so they would know. 
I got away from H — so I wouldn't be so tired. 

181-190 

117 

It is so hot that it would be unpleasant. 


119 

It gets so hot that you could not study. 

201-210 

121 

Swimming in summer might make you such an ex- 
pert that you would save many lives. 


139 

Wc would get so tired wc would be disgusted. 

Wc would get so tired wc wouldn't do our best 
work. 


The foregoing cases are too few for generalizations. 
It may be noted, however, that the nine examples prior 
to mental age 161 deal with individual purposes or 
specific results actually experienced. Ten of the thir- 
teen clauses above that level are fairly general state- 
ments. No difficulties with structure peculiar to pur- 
pose and result clauses are apparent. 
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Clauses op Comparison 


MA 

IQ 

Clause 

iOl-IlO 

69 

I work harder than you wtrotl cxpccr, 

I work hard than you every did. 

I do harder tluriR tlma you think. 

12J-130 

95 

My big brother nntl sUtcr helps more than wc lit- 
tle ones cam 

131-140 

104 

It was later than I thought it \v.is. 

141-150 

93 

Wc need rest as well ns wc do Jichool work. 

Wc like to have more vacation than wc do nt 
Chrisimns. 

151-160 

135 

1 did not go lor n trip most people do. 

161-170 

96 

Wc need play as well n$ wc need work. 

171-180 

99 

Wc went ns fnr an our road would take us. 


103 

1 learned more that summer than 1 ever did in one 
summer. 

191-200 

137 

I got more good tlmn I could hnvc at scliool. 

I spent my time learning things more interesting 
than 1 ever did at school. 


Even the few clauses of comparison here presented 
indicate that their use oflfers difficulties to the grade- 
school pupil. The child fails to make the comparison 
complete in so far as comparable structure is concerned. 


Noun Clausbs 

MA 

IQ 

Clause 

101-110 

60 

I think that I am going to my sister. 


69 

1 want you to know that it will he so hard. 


80 

I no I will have a good time, 
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MA IQ Clause 

85 I think we are going to do it this summer, 

91 I thought I would try it again. 

They say they'll take it. 

You think I do. 

102 She said her mother said that you could come to 
visit me. 


m-120 


121-130 


80 I think it is fun to play Indian. 

89 His mother told me John was to H's house. 

Miss K. said that the boys were down to the farm. 

98 I think I would not go to school in the summer. 
102 I hope that I will get to go. 

108 What do you think I saw? 

109 Then we play that it is stuck. 

66 I think we should get off. 

69 I think I am going on a trip. 

I think that is a foolish idea. 

Our teacher and Mrs. G. think we had ought to 
have a vacation. 

87 It seems that people ought to have vacation, 

99 I am glad to tell you about what I do. 

107 We thought we would stay. 

We thought we go see the circus. 

No one knows where he is at. 


131-140 83 1 think we should have 9 months school, 

104 I got up to see if I could find something to do. 

I thought it was. 

104 We thought two cars were going across and hit 
him. 

She said he was at the station, 

I played I was the mother, 

I went to see where they pump tlie oil. 

II3 Some negro's said I was a mechanic. 


141-I50 84 I like to find where animals arc. 

I ilo not think any person needs school the year 
around. 
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MA IQ Clause 

I think you ought lo get vacation. 

1 tliink you had jml ought lo haft to go four days a 
week. 

86 I think that a kid should have some |dcii$urc. 

I think that he will not hiiihl up his body. 

03 I learned to do what I might lo do, 

1 tlunk we should have vacation. 

There is a sayingt All work and no play makes 
Jack a dull boy. 

1 think this could apply to m. 

108 I think I wll go lo N — . 

108 1 think we should have eight months of school. 

I think we ought lo have vacation now. 


15M60 


82 I mean that they would be used up. 

(I mean) the pages arc out of places. 

86 I do not think we should have tsvelve months of 
school. 

90 There is a motto, all work and no play makes Jack 
a dull boy. 

10 1 There was the story of what their occupation was. 

That is how I spend my vacation, 

135 You may think I am making sonicthing up, 

1 would go and see if some cantclopcs were ripe, or 
if melons were ripe. 


161-170 


85 I do not think it is necessary to have 12 months 
school. 

88 I think twelve months is too much. 

89 I can see how people of other states farm, and how 
much difference there is in Kansas and Colorado 
soil. 

We see how they water their plants. 

I believe we would get tired. 

I am afraid there would be no freshmen, 

94 I think I would get tired. 

96 I think we should have eight months school. 

100 I don't think we should have school all the year. 



LANGUAGE DEVELOPMENT OF CHILDREN 


451 


MA 


17M80 


181490 


191-200 


IQ Clause 

I do not think it is right. 

106 I believe it would be better to have vacation. 

94 I think I can go visiting. 

I felt that I had a nice summer. 

What I think of twelve months of school is that 
we should have time to rest. 

103 What I think is that children should get a rest. 

104 I think I could learn more that way. 

I learn how they live. 

I get to learn how they raise crops. 

109 I think vacation is necessary. 

114 I think we should have nine months. 

They would know how many had been there. 

118 I think I would like it better. 

I hope wc have this condition some day. 

134 I think wc should go only nine weeks. 

The reason is because nine mojiths is enough, and 
we cannot study in summer. 

I think parents would be wiling. 

97 It is said that hardly no person can study * 

It is said that hardly no person can get anything 
from it. 

100 I don^t think we ought to liave school. 

110 I think you can learn lots of things. 

117 I think school shouldn’t run, 

119 I think it is a rotten idea. 

I think the idea is not good. 

140 I hope I have another summer like this. 

My reason is that wc ought to have more time. 

102 I want what a person would call a vacation. 

People ask me : 1 don’t know wliat you do. 

I don’t know what you do. 

I don’t think we ought to go to school. 

105 I think it would he unfair. 
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MA IQ 


Clause 


106 1 said $choi>l nil the year h a bum idea. 

109 1 vvurk at wbat 1 like. 

110 I think he docs not koow. 

If a person thinks we should have twelve monllis ^ 
He (lues not know what it is to go* 

111 I do not feel that my vacation was wasted. 

Ii7 I think I got more good from that 

I do not think people spend their time doing things, 


201^210 


121 Mountains arc good examples of how one becomes 
educated. 

124 I think that is a good way to spend a vacation. 

You think that is a good way. 

1 think the students would go on a strike. 

Another reason is that it would be too warm. 

You must remember: nil work and no play makes 
Jack a dull boy. 

125 1 can say that it ^voulll be punishment. 

130 1 don't know what my mother would do. 

137 It has been said we might go twelve months. 

I think we should only eight months. 

I do not think it would be fair. 

I think that half of the year ought to be vacation. 

It has been said ; All work and no play makes Jack 
a dull boy, 


211-220 120 I found that I would be n delegate. 

I think my most interesting vacations have been 
in Colorado. 

I think vacation should be a time lor recreation. 

I think this is an exception. 

I think we need vacations. 

(I think) few of them arc ill spent, 

1 hope that hvclvc months school will never come. 
]23 I finished what I had to Hnish. 

123 1 neglected to say that I arose at six. 

221-230 136 I believe I spent a profitable summer. 
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MA IQ Clause 

151 I believe a nine months school term is sufficient. 

151 I do not think there ought to be school all the year. 


Uses of the 133 noun clauses here listed are dis- 
tributed as follows: 


A. 

Direct object of verb 

1* Following some form of to think 

2, Following a verb of saying, 

64 



knowing, or believing 

21 



3. Following ail other verbs 

29 





114 

B. 

Used nominatively 

1, In apposition 

11 



2. As subject 

2 



3. In predicate after u or uems 

3 





16 

C. 

Used as object of preposition 


3 


Total 


133 


Boyd (3), in commenting on the fact that his child 
used a large percentage of noun clauses (34 per cent of 
all subordinate clauses at age nine), says; 

"Perimps the explanation is to be found in the fact 
that it is generally words like *say,’ 'think,' ‘ask,’ and 
others of kindred meaning that lead on the 'that* or the 
‘what’ of the noun clause.” 

His explanation appears valid in the light of the fore- 
going summary, which shows 85 of the 133 noun clauses 
objects of such verbs as Boyd suggests. 

Although noun clauses constitute over 20 per cent 
of the total number of dependent clauses, in none of 
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the examples quoted is there any evidence of diffi- 
culty ini managing structure. No marked change in 
type or content of clauses with increasing age is evi- 
dent from the examples given. This finding is of in- 
terest in view of the argument often presented for the 
teaching of noun-clausc analysis, that it assists pupils 
in development of correct habits of sentence structure, 

Adjeciivb Claushs 

MA IQ Chmc 

101-110 69 The boy that live iit the country have to work. 

The one that live in the city sit around. 

They will be a lot of these what won*t go. 

80 The trip I am going to make is to Idaho. 

111*120 82 That is the reasent I do not want school. 

82 I am going to B — on tltc farm tliat I live on all my 
life. 

85 Wc stopped at O — where my uncles lived. 

98 The vacation I am going to make is to C — . 

99 Wc have subjects the way my teacher has them, 
That was all I did. 

Ill I saw my brother who Imd jvist come. 

127 They had a little girl that would play with me, 
There was a woman that I sat by, 

121*130 66 There arc not many trees like you see around here. 

95 The first year wc came here my mother started 
washings 

98 They bring things they grown, 

99 I go on errands for women who arc not able to 

go. ^ 

I play with the girl who lives in the next house. 
107 Wc had a flat tire that took m Imlf an hour, 

We called the place wc thought he would be. 


131-140 61 Wc went to the country where my uncle lives, 
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MA IQ Clause 

101 The one that is my age, her name is K — ■. 

The first clay I was there wc went for a ride. 

103 I am going to a ranch that my father has rented. 

I go to my grandpa^s who lives in D — . 

104 The camp was by a lake which I went swimming 
in. 

I had the most joyful summer I had had before. 

106 Tlicy w'anted to go on a trip which was a short 
trip. 

We went to a pond that covered an acre. 

Wc went in the house that was cold. 


14M50 


81 I stayed at places where I used to live. 

93 I learn to do things that Twill need to do, 

The thing I learn to do was * ** 

There is a saying wc could go by, 

97 We went to the place where they kept their horses. 

There was a boy from W — tliat rode, 

108 I will go boatridliig in the canoe I am making, 

122 I took orders for the J. H. magazine that comes 
every month. 

It comes to the people that take it, 

I had a little garden that I hoed. 


151-160 86 I studied for exams which took a lot of my time. 

I was helping mother what time I was not doing 
that. 

101 In the museum that I went to, I went to a room. 

I went to a room that I saw a statue, 

This that I told you about was this last vacation. 

105 The best vacation that I ever had was the Cliristmas 
vacation. 

The first present I got was a knife. 

That was the best vacation I ever liad. 

The way I spent my v«ication was helping. 

There would be a lot of children that would not 
liavc hooks. 


106 
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MA IQ Chmc ^ 

I am at the age where I can quit, 

108 t am going to sec my sister which works in B— . 

I go to play with girh that live there. 

161-170 85 The thing I like to do is travel. 

The pupils who nltcnd wouldn't get vacation, 

The only ones that want twelve months of school 
arc teachers. 

88 It is alright to have school for those who want to 
Ko* 

93 I would like to spend iny vacation in a resort for 
which you would get enjoyment out of. 

You would get to the resort where you were going, 
9+ The best vacation I ever had was ^ 

I went to visit my aunts who live in S — . 

I went to a show which interested me very much. 
Another nice vacation 1 had was * *. 

100 I learned about figures like we have in problems, 

124 I take piano lessons which takes two hours. 

We have plays that I like to be in. 

171-180 89 I go to the hills that are just a few miles from 

our place, 

93 1 go to the shows we have here. 

I played with the hoy that lived next dear. 

We had my brother help care for a family that 
went to I“. 

94 We had company whicli made it better. 

99 It is one of the most beautiful places I have seen. 

At this town w'as a mine of whicli I viewed, 

103 The last vacation I had was two years ago. 

109 I took lessons which gave me something to do. 

I made a headband whicli I had to have. 

I had it for campfire wliich I belong to, 

114 We were climbing everyplace we ctmld. 

At the side where we packed was Ihiffalo Bill's 
grave, 

This house that was of logs was built for him. 

It had his belongings that he had. 
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MA IQ Clause 

118 The way it is we have too much scliooU 
134 We started home where we arrived at midnight. 
Wc arrived the second week that wc had been on 
our way. 

The reason I think so is ^ 


18M90 


191-200 


102 They would get stale as you might say. 

106 I commenced work which I enjoyed at firstj and 
which got more tiresome. 

110 I relieved mother of work which I don^t have time 
for during school. 

117 Each day when the weather is fit I work. 

I have seen many things that is educational. 

140 I entertained a society I belong to. 

102 The three months I have I spend on a suburb, 

One place I manage to go is my cousin’s. 

I help people the best way I know how. 

106 Wc saw the place he was. 

Wc saw the lake where part of it flowed to the 
Pacific. 

He forgets everything he knows. 

109 I went to visit my relatives who live quite a way 
from here. 

I went to the city that they were close to. 

It was the first time I had saw them. 

Ill I learned more than I wouldn’t have learned. 
There may be some who wiiste vacations. 

Boys and girls who spend their vacations on the 
farm gain in knowledge. 

Those who take trips learn by seeing. 

118 One tiling which stands out in my mind is a trip. 

I learned many things whicli would be impossible to 
learn at school. 

128 I do art work which I do not have time to do 
during school. 

132 1 go to places where they arc. 

Tlieio arc places wlicrc I can go swimming. 
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MA 


201 '210 


211-220 


IQ Clause 

137 Pupils spend their time doing things that will help 
them. 

11+ You can eat all you want. 

116 I spend jny vacation nt home, which is In the 
country. 

The spare time I have I listen to the radio. 

116 I try in the vacation that we have • *. 

1 have friends that live in the country. 

121 You can learn things which you would never learn 
nt school. 

This leaves an impression which you will not 
forget. 

124 I and all the other scouts who went along learned 
useful things. 

125 The only chance a pupil gets is during vacation. 
Three months is short as it is now. 

129 I learn things which arc helpful. 

137 Instead of having school twelve months, ns has has 
been snid, I think eight months. 

139 I have all tJ>c good times that .ire possible. 

I have to help which is better for health, 

120 It is that time which I read books. 

I have been interested in the things it docs. 

The beauty of the scenes which I saw inspired 
me. 

The beauty inspired me to higher ideals than those 
which could be obtained from books. 

Many sights which I saw have been subjects of 
themes. 

I read books which cannot be read during school 
time. 

I delight in the amusements D — ■ has to offer. 

The mountain trips were the most wonderful ex- 
periences I have ever had. 


LANGUAGE DEVELOPMENT OE CHILDREN 


459 


MA IQ Clause 

121 I studied piano which necessitated three hours of 
practice a day* 

126 You can earn money to by the things you want. 
You can do the things you would like to do. 

You can read all the books you want. 

136 I lived in a neighborhood where there were a num- 
ber of children. 


221-230 151 Those who have an opportunity to visit different 

places cannot help but benefit. 

I have become acquainted with life totally different 
from anything which I was familiar. 

151 There were 40 cars and the people whom they be- 
longed to. 

At the bank where wc put off were many ferries. 
We looked at the engines which were very large. 
The distance was six miles by the way we went. 
The engines were strong considering the load it 
had on. 


The percentage of subordinate clauses in this study 
used adjectively doubles from mental age 101 to 230. 
The relations expressed are too varied to permit gen- 
eralization as to the nature of thought expressed. Re- 
strictive and non- restrictive clauses both appear early 
(mental age 111-120) and are found at most mental- 
age levels. Restrictive clauses, how^ever, predominate. 

Of interest to teachers arc the structural difficulties 
which adjective clauses, judged by these examples, of- 
fer pupils. I had the most joyful summer I had had 
before, I ivent to a room that I saio a statue. A re- 
sort for which you would gel enjoyment out of are ex- 
amples. Evidently the child has difficulty in holding 
the dual function of the relative in mind. 
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G. Length of Ci,Ai?.st:s 

As was stated in Chapter I, studies of language de- 
velopment of preschool children have frequently em- 
phasized the changing proportion of the various parts 
of speech. In the present siudv complete predicates 
instead of verb-words have been counted. The reader 
should remember this, since a predicate often contains 
several words, as in the clause, 1 have been 'u.^orkiiuj. 
Table 14 presents the average number of words and 

TAHLE I t 

AvnaAOE Numbur of Works i*i:r 'rnivMK, Numbfr of Prkdi- 

CATiiS I’BR Tllfi.MB, A.VD WORKS FliR ClAUSB, IN CO.MJ’OSITIO.NS 

Writtrn by Group A, *182 Pupiis, Grakks 4 to 9, Inci.usivh, 
IN Tiirbg Kansas Scikku.s 


MA 

(months) 

Ntimber 

uf 

cnscs 

Av. m, 

IirctUciilci 
per (lieme 

Av\ 
worjs 
per ilicmc 

Av. no, 

wfinU 
per clttuic 

loi-ao 

16 

15 

in 

7,5 

111-120 

21 

17 

121 

7.3 

J2M30 

37 


ns 

6.6 

Ul-140 

AZ 

22 

141 

6.5 

l+l-ISO 

45 

IH 

m 

7,0 

isi-ico 

m 

17 

m 

7.3 

UM70 

n 

n 

137 

7.6 

I7M80 


19 

145 

7.6 

lSl-190 

49 

17 

140 

8.2 

191-200 

33 

21 

159 

7.7 

201-210 

14 

19 

159 

8,4 

211-220 

6 

15 

131 

8,7 

221-230 

3 

29 

231 

9.9 


the number of predicates per theme and also the aver- 
age number of words per predicate or clause, E.\am- 
inaiion of column 4 reveals an insignUicant variation 
in the number of words per clause. Apparently the 
manner in •which the clause is used, and the exactness of 
the relations within the clause, determine the value of 
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the expression. The relative number of verbs used is, 
by inference, fairly constant above mental age 101 
months. 


Z). Infinitives 

As was indicated in Chapter II, an additional study 
was made of infinitives. These were divided into two 
general categories. In the first were included those in- 
finitives which are combined with a finite form of be 
or he going to indicate future time. Smart illustrates 
this use as follows (30, p. 179) : 

"He is to be here next week. 

"I am going to do the work tomorrow. 

"He is about to begin his speech." 

Because in such cases the infinitive functions merely 
as a verb and is combined with a finite auxiliary, it has 
been included already in the present study in the record 
of predicates. These infinitives indicative of future 
time appear in half the finite predicates at the lowest 
mental-age level (101-110 months), and in only one 
in eight or nine at 191 months. Particularly popular 
with the younger children is the expression 1 am going 
to go, a fairly vague statement comparable to the when 
clauses of the lower levels. 

Other uses of the infinitive, combining the functions 
of the verb and those of noun, adjective, or adverb are 
included in the second category. Of particular in- 
terest is the frequent use of the infinitive to express pur- 
pose, as in c went to X — to see our friends. This 
appears a frequent form of expression with tfie younger 
ehildrcn, Infinitives as objects of verbs clearly per- 
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form predicate functions as in They asked me to go 
(asked that I go). Tabic 15 gives the number of in- 
finitives (exclusive of those complementary infinitives 
just discussed) in comparison with the number of sub- 
ordinate predicates. Comparison is made with de- 
pendent predicates because the infinitive is per se de- 
pendent. 

TAULK 15 

Number of Subordinate Predicates and op I.nfinitives (Ex- 
clusive OF Those Used with Finite Form op Be or lie Going 
TO Indicate Future Time) Used ev Ghoui* A, +82 Children 
IN Grades + to 9, Inclusive, prom Three Kansas Schools 


MA 

(montlis) 

Number 

of 

ernes 

Number of 
subordinate 
[>redicates 

Number 

of 

indnitives* 

Kuiio of 
subordinate 
predicates 
to 

indnitives 

101-110 

16 

44) 

32 

1.25 

to 1 

lH-120 

21 

54 

41 

iJ 

to 1 

121-130 

37 

181 

118 

1.5 

to 1 

in-140 

42 

191 

11$ 

1.7 

to 1 

14MiO 

45 

209 

116 

1.8 

to 1 

lH-160 

80 

393 

159 

2.S 

to 1 

Ul-170 

72 

438 

204 

2A 

to 1 

17MS0 

64 

379 

177 

2.1 

to 1 

(0M9O 

49 

262 


1.9 

(0 1 

191-200 

33 

213 

77 

2.8 

to 1 

201-210 

1+ 

94 

28 

3.4 

to 1 

211-220 

6 

31 

J3 

2.4 

to 1 

221-210 

3 

22 

8 

2.7 

to 1 

Totals 

482 

2507 

1224 




* Not including thoie combined with finite form of be or be going to indl' 
Cate future time. 


Examination of Table 15 discovers a gradual but 
decided decrease in the use of infinitives when their in- 
cidence is compared to that of dependent verbs. 
Whereas the younger children use an infinitive for 
every one and one-fourth (IK) dependent predicate, 
the older ones use one infinitive to every two or three 
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such clauses. Here again appears evidence of grow- 
ing exactness in the expression of relations. 

Summary 

While dependent clauses increase in frequency with 
increasing maturity of the writers, they also increase 
in complexity and clarity of thought. Increase of sub- 
ordination is paralleled by increasing exactness in the 
use of connectives. 

Children learn gradually to use all recognized forms 
of dependent clauses. The larger number of these 
types apparently offer no structural difficulties inherent 
in the kind of clause, if one may judge from the lack 
of structural errors found in this study. Adjective and 
comparison clauses are exceptions. 

While many clauses change in character (from in- 
dependent to dependent) with increased mental and 
chronological age of the writers, the average length of 
the clause (proportion of predicate to other words 
used) is comparatively constant between the ages of 
eight and sixteen. The change in quality is conse- 
quently due to change in relation and content of clauses. 

The proportion of infinitives to subordinate predi- 
cates decreases with increasing maturity of the writers. 



V 

ANALYSIS OF THE WRITING OF 
GROUPS B AND C 

In order to determine the degree of subordination to 
be expected from individuals more mature than those 
in Group A, the writing of Group B (504 high-school 
students) and of Group C (21 eminent psychologists) 
was studied. 


Group B 

Reference to Table 16 shows that the median chrono- 
logical age for each mental-age level in Group B ap- 
proaches 192 months, or 16 years. Since I'lte Tcrnian 
Group Test of Mental Ability is standardized on the 
assumption that mental development ceases at about 
year 16, it seemed best to attempt no detailed analysis 

TAUUE 16 

Distribution of Mbntai. Aoks, with Corrbsfondino Median 
C lIRONOUOCtCAL AOHS, FOR GROUP B, 504 PUPlLS FROM LeAVEN- 
WORTH AND Lawrence (Oread Training), Kansas, 

Hicii ScHoots 


MA. 

(monilio) 

Median CA 
(months) 

Number of 
cases 

12M30 

192 

1 

13M40 

185 

2 

1+1-150 

187 

10 

151-160 

187 

17 

161-170 

191 

58 

17M80 

IS6 

80 

18M90 

18<i 

99 

191-200 

192+ 

106 

201-210 

192+ 

68 

211-220 

192-1- 

39 

22H230 

ISS 

16 

231-240 

191 

8 


[4641 
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TABLE 17 

Distribution of Indexes of Subordination Found in the 
Writing of Groups A and B 


Frequencies 

Index Group A Group Q 


0- 4-.9 
S- 9.9 
10-14^.9 
iS49.9 
20-249 
25'29.9 
30-349 
35-39.9 
40-H.9 
45-49,9 
50-54.9 
55-59.9 
60-649 
65-69.9 
70-74.9 

Tolah 

Medlon index 
Mean index 
Sigma 

DifFercnce of the meansi 
Sigmn of (he difTerence, 


40 

6 

26 

5 

35 

14 

47 

26 

61 

52 

64 

65 

61 

83 

39 

53 

44 

71 

23 

44 

22 

51 

8 

15 

8 

12 

2 

3 

2 

4 

432 

504 

27.5 

35.09 

28,0 . 

36.15 

±15.30 

±13.25 


8.15 

±0.91 


by mental-age groups, but to treat the 504 cases as a 
unit. 

In Table 17 are shown distributions of subordina- 
tion indexes for Groups A and B. Although both 
groups include ninth-grade pupils, a clear difference 
between tendencies toward subordination exists. The 
mean index for Group A is 28; for Group B, 36.15. 
The difference between the means is 8.15. Using Gar- 
rett’s formula* we find the sigma of the difference be- 
tween means to be 0.91. The difference, which is ap- 


‘Garrctt (II, pp. 128-129): 

SiRiniidj,/ ~ VsigmiiVu, i, + 2, 
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proximately nine times this value, may be accepted as 
statistically real.® 

More detailed comp.irisons may he made. The 
highest median inde.x for any mental-age unit in Group 
A appears at 161*170 months (see Table 8, Chapter 
III), Indexes for units above this, as suggested in 
Chapter III, apparently are lowered because the pu- 
pils represented arc all superior mentally and corre- 
spondingly lo\y chronologically. Median indc.x at this 
level (161-170 mental months) is 33.2 (mean, 33,5), 

In Group J3, indexes for mental-age units from 
161*170 to 211-220 months, inclusive, vary only be- 
tween 35.5 and 36,5. The higher index at 161-170 
months (mental age) for Group B may be explained 
by the fact that chronologically it is 16 months older 
than the corresponding unit in Group A. 

Attention is called to Table 10, Chapter III, One 
small group, 23 cases, of pupils over sixteen years of 
age (chronologically) has a median index of 36,25 
and a mean of 36.6. Figures for Group B, with the 
large proportion of cases at this age level or above, con- 
firm the reliability of this Group-A finding. 

It appears from the foregoing that approximately 
36 per cent of the clauses used by high-school students 
sixteen years of age or older are subordinate. Con- 


*Gflrrcll (11, p, 133): “II la UBunll/ cuBtoinnry ot mice a of 3 as 

Indicative of coinplctc rclUhilUy, since — 3 includes iirnciicnlly nil of tiie 
. . . ^ 1 ) 
cnscs in ihe 'diMrilulinn of illlTercnccB' below ihc mean. A Sjrenler 

than 3 ifl inkcn aa indicnllnjfi )nn »o much ndded rclinbility.'’ 
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versely, the percentage of dependent clauses used in 
writing increases until age sixteen or above. Data in 
the present study suggest that high intelligence quotient 
does not greatly hasten this use of complex structure. 
The 24 students in Group B (see Table 16) with mental 
ages 221 months or above constitute a high intelligence 
group, with no intelligence quotient below 115. Chron- 
ologically, they are two months younger than the aver- 
age individual in Group B. The median index for 
these superior individuals, however, is only 32.8, in 
comparison with 36.15 for Group B as a whole. 

TABLE 18 


Summary of Data from Analysis of the Writing of Group 
B, 504 Pupils from Leavenworth and Lawrence (Oread 
Training), Kansas, High Schools 


Number of cases 


504 

Number running words 


82,662 

TotoJ jjwjjibcr prcdicotcs 

In independent clauses 

6,627 


In dependent clauses 

3,708 


In all clauses 


10,335 

Average length of thcmci words 


164.0 

Average length of clause^ words 


8.0 


Table 18 summarizes the data for Group B. Com- 
positions total 82,662 running words, and include 3,708 
dependent and 6,627 independent predicates. The pa- 
pers are longer than those written by the younger 
children in the same length of time, and average 164.0 
words. Clauses average 8.0 words, approximately the 
same as those written by children of mental age 180 
months and above (sec Table 14), Group A, and only 
approximately two words longer than those written by 
children at the lowest mental age studied. Apparent- 
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ly length of clause is not a significant measure of lan- 
guage development for children in Grades 4 to 12, in- 
clusive. In contrast to this statement should be noted 
the discussion concerning length of the clauses found 
in the writing of Group C (sec Table 19) , 

While ratio of dependent to independent clauses is 
indicative of complexity of structure, further analysis 
is desirable. The pupils in Group A use 2,507 de- 
pendent clauses. Of these, all but 214 are attached to 
the main clause directly, The 214 e.xccptions are de- 
pendent upon other dependent clauses. In contrast, 
papers from Group B contain abundant examples of 
involved hypotaxis. The following sentences chosen 
from consecutive papers on one mentahage unit illus- 
trate : 

I think that the plan which is beituj used is about as 
good as it could be, (Boy, MA, 1B7 tnos,; CA, 176 
mos.) 

I like this book because almost any book I read has 
to be an adventure. (Boy, MA, 187 mos.; CA, 176 
mos.) 

I pleased him so much that he told me when 1 left 
that if I wanted to work this summer I could have my 
job back because he wanted to help me through school. 
(Boy, MA, 188 mos.; CA, 192 mos.) 

In order to clarify the comparison, samples are here 
presented from papers written by Groups A and B. 
The first complex sentence in the writing of each mcn- 
tal-agc unit is used. 7'hc comparison is significant in 
a consideration of the problem of teaching grammar 
and sentence structure in the grades and high school. 
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MA 

CA 

Group Sentence 

101 

121 

A 

When it is dark, I will go to bed and sleep. 



B 

(No cases at this mental-age level.) 

111 

125 

A 

When I got there it was Saturday.. 



B 

(No eases at this mental-age level.) 

121 

127 

A 

I work most of the time because my motlicr 
needs me, and because she lias to work hard. 


192+ 

B 

The most interesting trip I ever had was the 
trip to St. Louis, Missouri, 

131 

148 

A 

My cousin lives in town but we went to the 
country where my uncle lives. 


187 

B 

*I am going to tell about my good time that I 




had when I went out to our farm where I used 
to live with a bunch of girls. 

141 

145 

A 

We went to the place where they kept race 
horses. 


174 

B 

*For my opinion I would suggest that we do not 


have a twelve month school session because in 
the summer time it is so hot and most of the 
people want to get a steady job, but if you were 
going to school all time you woulcln*t get the 
chance to get as much fresh air as mucli as 
possible. 

151 149 A The way I spend my vacation is by going on 

trips. 

192-f B In the evenings after I was tlnoiigh I would 
go swimming at the Y. M. C. A. or play 
tennis. 

161 107 A I think we should have eight months school and 

four months vacation. 

192-|- H *Thc kind of books I enjoy reading most are 
tliosc whicl» arc full of adventures of life, 
those wJiicl», when rcailing carry me along fast 
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CA 

Group ScrUeiKC 



in tbuuglu, saj that I will he alwayji interested 
in the book. 

171 

173 

192+ 

A It is one of ihc most beautiful places I have 
ever sccn» 

IJ I like to read hooks by Jack l ain don about the 
far north in Alaska, and dogs which were used 


to pull the sicth, how the ilnjcs were treated* 

181 128 A 1 entertained a little missionary society I belong 

to. 

177 B think we should have at least three niontlis 
vacatioiii because H we had scliool twelve 
months a large number of siudeius would get 
tired of going and quit school. 

J91 181 A We went to Wisconsin first, then to South 

Dakota and we saw the President and the place 
he stayed. 

192+ B I suppose It is human nature tu enjoy books with 
a happy ending and to have the main people 
have strong cliar«ictcr. 

201 151 A *I think that instead of having school twelve 

months of the year, ns has been said we 
I think we should have only eight months of 
school and four months of vacation, or more 
months of vacation and less school than that. 

192+ B I believe that I bnd my most ifitcresting ex- 
perience summer before last. 

211 173 A I studied piano, pipe-organ and voice most of 

this summer, which ncccssitiitcd three or more 
hours of practice a day. 

17+ B The hooks I like to read best arc hooks abeut 
boys my own age. 

221 159 A I spent my vacation at home last summer and 

I'm sure I spent a pro/itahlc vacation. 
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MA CA Group Sentence 

185 B The most profitable vacation I ever had was 
back ill 1928. 

231 — A (No cases at this mental-age level.) 

188 B We clambered into the small coach, and had 
just gotten ourselves settled when we heard 
the cry of "All aboard." 

Sentences in the foregoing which contain subordi- 
nation-on-subordination are indicated by stars. Of the 
13 sentences written by Group A, only 1 contains this 
secondary subordination. On the other hand, 4 of the 
12 samples from Group B contain clauses depending 
upon other dependent clauses. The growing complex- 
ity of structure here illustrated may explain in part why 
formal grammar presented in the eighth, or even in the 
ninth,, grade fails to affect later writing. At the time 
when instruction is given, the pupil, even if he should 
by chance comprehend the abstractions taught, does not 
have within his own writing experience sentences to 
which many of the principles of grammar apply. 
Later, when he himself begins to write such sentences, 
he does not make the application unless the principles 
arc presented a second time. 

Group C 

Group C, as explained in Chapter II, consists of 21 
psychologists, contributors to The Psychologies of 
1930 . Approximately 600 running words, consisting of 
two 300-wor(l samples, were analyzed for each writer. 
It is acknowledged that the carefully constructed prose 
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of these experienced writers is in m!\ny ways not com- 
parable to the rapidly written composition of the chil- 
dren Avhose writing forms the basis for this study. Anal- 
ysis of these Group-C samples is offered to furnish 
further data as to the probable trends in subordination 
used in mature writing and thinking. 

TABLE 19 


SunoRDiNATioK Indexus OP lNmviouAi.s In Group C, 21 Ewt- 
NBNT Psychologists; Two Samples for Each 


P>ychologiit 


Index on 
finit mnnplt! 

Index on 
second sami>le 

n 


17 

21 

b 


20 

46 

c 


21 

44 



30 

33 

f 


37 

55 

/ 


39 

39 



40 

n 

h 


41 

37 

1 


41 

43 

i 


43 

33 

k 


45 

SO 

t 


47 

S7 

m 


50 

40 

Ti 


50 

44 

Q 


52 

50 

P 


52 

55 

V 


53 

52 

r 


55 

39 

I 


61 

57 

1 


64 

59 

u 


70 

66 

Mit|-acorc 

Rho, 

0.61 

41 

44 

Inferred r 

(renrson product-moment 
O.62gi;.093 

coefficlcnl), 


Tabic 19 presents the indexes for each of the 21 psy- 
chologists on each of the two samples. Individual 
scores appear here according to rank of subordination 
index on the first sampling, and not in the order in 
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which the writers’ contributions appear in the book. 
Although considerable variability appears, only 12 of 
the 42 indexes fall below 40, and only 7 below 3S. 
Those whose indexes are high on the first sample tend 
to be high on the second, and vice versa. Correlation 
by the method of rank differences® gives a coefficient of 
0,61, inferring a Pearson product-moment coefficient 
of0.628±.093 {11, p. 192). 

TABLE 20 

Data from Analysis of Writing by Group C, 21 Eminent 
Psychologists: Number of Words, of Independent and 
Dependent Predicates, of Words per Predicate, 

AND TUB Subordination Index, All for 
Each Sample 



First 

sampling 

Second 

sampling 

Total 

Number of samples 

21 

21 

42 

7otal lYords per sample 

300 

300 

600 

I'otal riumbcr of words 

6,300 

6,300 

12,600 

Number independent clauBCs 

223 

22S 

448 

Number dependent clauses 

185 

196 

381 

Total number clauses 

408 

421 

829 

Subordination index for group 

45,3 

46.5 

45,9 

Average length of clause (words) 

15.4 

14.9 

15.2 


Table 20 summarizes the data for Group C. The 
subordination index is 45.3 for the first sample, 46.5 
for the second, and 45.9 for the combined writing. 
These indexes are slightly higher than the mid-scores 
on the two samples, 41 and 44 (see Table 19). The 
mean for the whole is, however, approximately 10 
points higher than that for the high-school group (B), 
and suggests again the relation between complexity of 
thought and complexity of structure. 

(i i:/!' 

‘Gnrrcit (11, p. 190): o' == 1 

N ( N” ~ 1) 
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The subordination index for this group is consid- 
erably higher than that for Boyd's (3) 18 novelists, 
previously referred to. He used a random sample of 
100 sentences each. The samples, however, were con- 
versation and hence not the natural expression of the 
writers themselves, but rather were their conception 
of how characters of varying ages and mentality would 
talk. Women novelists in writing conversation used 
an average of 37.5 and men one of 37 subordinate 
clauses to every 100 principal clauses. This would 
give subordination indexes of 27.2 {women) and 27.0 
(men), much lower than for high-school pupils in the 
present study. 

Of interest is the average length of clauses. While 
the average clause written by children in Group A con- 
tains 7.2 words, and that by hIgh-school pupils (Group 
B) only 8.0, the formal writing of the psychologists 
here studied averages IS.2, or nearly twice as many 
words to a clause. This increase in length is apparent- 
ly occasioned by the reduction of clauses to participial 
and infinitive phrases, and by the elision of words, 
phrases, and clauses. Analysis of such writing offers 
an interesting problem for further study, but docs not 
fall within the province of the present investigation. 

Summary 

Complexity of sentence structure as indicated by 
the ratio of subordinate to main predicates increases at 
least until age 16, and is accompanied by a tendency to 
increase the proportion of complex-complex sentences. 
Growth in this particular language skill appears to be 
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dependent upon chronological age as well as upon 
mental age. 

Analysis of the writing of superior adults suggests 
that, at least for certain individuals, marked growth in 
langviage skill, as measured by kinds of clauses used 
and by length and complexity of the clauses themselves, 
proceeds far beyond the level attained by high-school 
students. Such skill, even from a mere structural 
standpoint, is not attained by the most superior of the 
high-school students whose writing appears in this 
study. 



VI 

vSEX DIFFERENCES 


Certain comparisons to determine the possibility 
of sex difFercnces arc here presented. McCarthy, after 
summarizing the literature regarding sex differences 
in language development, concludes (19, p. 147) ; 

"Thus, frotn the numerous indications in literature, as 
well as from the consistent nndines of the present investi- 
gation, it appears that girls develop more rapidly in the 
Use of language than do hoys at these early ages. Wheth- 
er or not the difTerence is maintained at higher ages, we 
have not sufRcicnl evidence to say, but as indicated above, 
there seems to be a tendency lor the boys to c(|ual the 
girls in language after the age of five or six years.” 

So far as the writer has been able to discover, no com- 
parisons of language development according to sex 
have been made for individuals of school age or above, 
except those using either the quantitative approach or 
basing conclusions on information from achievement 
tests. 

Group A 

As far as general intelligence (as measured by the 
mental tests used) is concerned, the boys and girls in 
Group A are little different. Comparison is given 
(Table 21} of the intelligence quotients of boys and 
girls in this group. There are 222 boys and 260 girls. 
Mean intelligence quotient for the boys is 103.1, with 
a standard deviation of 15.75; for the girls, 105.85, 
standard deviation, 16.85. Median quotient for boys 
is 103.54; for girls, 104.12. Both mean and median 
for the girls arc higher than for the boys, and girls 

[ 476 ] 
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TABLE 21 

Distribution of Intelligence Quotients for Group Aj 482 
Pupils, Grades 4 to 9, Inclusive, from 
Three Kansas Schools 


Frequencies 

IQ Boys Girls 


60- 64.9 


1 

65- 69.9 

2 

2 

70- 74.9 

2 

2 

75- 79.9 

9 

3 

80- 84.9 

13 

17 

85- 89.9 

25 

20 

90- 94.9 

19 

25 

95- 99.9 

24 

32 

100-104,9 

24 

34 

105-109.9 

40 

28 

110-114.9 

17 

28 

115-119,9 

21 

20 

120-124.9 

11 

12 

125-129.9 

5 

9 

130-134.9 

1 

9 

135-139.9 

3 

6 

140-144.9 

2 

10 

145-149.9 

2 

1 

150-154.9 

2 

1 

Totflia 

222 

260 

Median IQ 

103.54 

104.12 

Mean IQ 

103.10 

105.85 

Standard 

dcvinllona 

±15.75 

±16,85 


are also slightly more variable as indicated by the 
standard deviation. Differences are, however, so 
slight as to be negligible. 

Table 22 summarizes by sexes certain of the data 
presented in previous chapters. The 222 boys write a 
total of 27,687 words, or an average of 124.7 words 
per theme; the 260 girls, 38,569 words, or an average 
of 148. .3 words per theme. The subordination index 
for all boys is 25.8; for all girls, 28.5. Boys write 
clauses containing 7.1 words; girls, 7.3. Girls excel 
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TABLE 22 ^ 

Comparison by Sexes op Numbeb of Cases, Total NuajBER 
op Wonos, Averagk Numhhr ok Words i>er Tiiksie, Nu^(DER 
OP Predicates, Average Number of Words per Clause, and 
Subordination Index, i-or Group A. 482 Pupils, Grades 4 to 9, 
Inclusive, prom Turk,!-; Kansas Schooi.s 


Hfty* Uifli* Toul 


Number of cases 

22;i 

26IJ 

4»2 

Total aumber of words written 

27,fiR7 

38,569 

66,256 

Average number words per lUcnic 

124.7 

HS.3 

137.S 

Number of predicates 

In independent clnuses 

2,910 

3,739 

6.619 

In dependent dauses 

1,014 

1,493 

2,507 

In all clauses 

3,924 

5i232 

9,156 

Average number words per clauic 

7.1 

7.3 

7.2 

Subordinaiiun index (or group 

2S.S 

28.5 

27.2 


in number of words written, in length of chuises, in 
number of predicates, and in tendency to use subor- 
dinate clauses. The differences arc very slight, how- 
ever, except in number of words. Two explanations 
which do not involve native ability, either general or 
special, may be offered. Girls may have been trained 
to conform more readily to school requirements than 
have boys, and may therefore write the longer papers 
which are generally approved by teachers, in’ a desire 
to please; or girls may find handwriting less difficult 
than do boys, and hence produce more composition 
within a given period. It should be noted in this 
connection, however, that not a single paper written 
by the pupils in Group A appeared unfinished. Prac- 
tically all ended with some general statement denounc- 
ing a twelve-months plan. Apparently, therefore, 
boys were not interrupted in their writing. If the ten- 
dency to write a smaller quantity is learned behavior, it 
has become habitual. There is no evidence within 
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the papers to indicate that boys fail to find the subject 
of their compositions interesting. On the contrary, 
they write with enthusiasm and considerable feeling. 
The 3-pcr-cent difference between the subordina- 
tion indexes of boys and girls appeared sufficient to 
require further analysis. Table 23 presents the sub- 

TAIILE 23 

Group Indexes of Subordination by Mental Ages and by 
Sexes for 222 Boys and 260 Girls in Group A, 482 Pupils, 
Grades 4 to 9, Inclusive, from Three Kansas Schools 


MA 

(months) 

Frequencies 
Boys Girls 

Number 
predicates 
Boys Girls 

Number Subordination 

dep. preds. index 

Boya Girls Boys Girls 

AH 

101-110 

5 

n 

102 

145 

20 

20 

lO.d 

13,8 

16.2 

111-120 

10 

11 

236 

200 

25 

29 

10.6 

14.5 

12.4 

121-130 

18 

19 

392 

392 

91 

90 

23.2 

22.9 

23.1 

131-140 

21 

21 

473 

461 

97 

94 

20.5 

20.4 

20.1 

141-150 

21 

24 

350 

479 

75 

134 

21.4 

27.9 

25.2 

151-160 

43 

37 

633 

758 

154 

239 

24J 

31.5 

23.3 

16M70 

28 

44 

437 

S84 

148 

290 

33.8 

32.8 

33.2 

171-180 

26 

38 

437 

788 

134 

245 

30.6 

31.4 

i31.1 

181-190 

26 

23 

451 

403 

142 

120 

31.5 

29.7 

30.7 

191-200 

1+ 

19 

206 

481 

57 

156 

27.6 

32.4 

31.0 

201-210 

S 

9 

100 

173 

39 

55 

39.0 

31.7 

34.4 

211-220 

3 

3 

45 

44 

15 

16 

33.3 

36.3 

34.8 

221-230 

2 

1 

62 

24 

17 

5 

27.4 

20.8 

25.6 

Totals 

422 

260 

3,924 

5,232 

1,014 

1,493 




Group indexes 






25.8 

28.5 

27,4 


ordination indexes by sexes for the various mentahage 
levels. No consistent differences appear. Boys excel 
at one level; girls at another. No evidence appears of 
the tendency observed by Jesperson (see Chapter I) 
that parataxis is a feminine characteristic. 

Group B 

Certain comparisons may be made from data for 
Group B. Distribution of intelligence quotients ap- 
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TABLE 2-f 

DiSTRtnUTiox Hv Sexes oe IsTrr.uKE.vcE Qi-oTiiihrs roa Group 
B, 504 PUPJES FBOM I.eavexworth aso I,aure>'ce (Oreau 
Tkaininu), Kansas, Miou SiriJOfiis 


to 

licit 


All 

69.9 


t 

1 

70. 74.9 

1 


1 

7S^ 79.9 

4 

4 

8 

so- X4.9 

3 

w 

U 

85- 89.9 

17 


37 

90- 94.9 

30 

34 

63 

95- 99.9 

44 

4t> 

84 

100.104.9 

4S 

S4 

99 

I05-I09.9 

40 

41 

81 

no-iM.9 

32 

23 

55 

115-119,9 

14 

1^ 

30 

120-124,9 

lU 

9 

19 

125-129.9 

7 


7 

n0-]3+.9 

2 

2 

4 

135-159.9 

1 


1 

Totals 

250 

254 

504 

Mcclinn IQ 

mm 


102.22 

Mean IQ 

103.44 

101.48 

102,55 

Sunciard deviadoni 

tjn.15 


±liUZ 


pears in Table 24. Median and mean iniclIiKencc 
quotients for boys arc 102,88 and 10,1,44, rt‘.s pec lively, 
with a standard deviation from the mean of ! 1,15; for 
the girls, 101.66 (median) ami 101.48 (mean), with 
a standard deviation from the mean of 10.61. Hoys 
in Group B excel slightly in intelligence, and arc 
slightly more variable, but the difFcrcncc is negligible, 
as with Group A, 

Since detailed analysis wa.s not made of the themes 
written by Group B, complete comparisons arc not 
offered. The one sex difference noted for Clroup A 
is, however, studied also for Group B. 'rable 25 pre- 
sents the data. The 254 girls write a total of 45,498 
words, or an average of 179.1 per pupil itt the given 
time; 250 boys write only .17,164 words, or an average 
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TABLE 25 

Comparison by Sexes of Total Number of Words and Aver- 
ace Numeek of Words per Theme, for Group B, 50+ Pupils 
IN Leavenavortm and Lawrence (Oread Training), Kansas, 

HiOii Schools 

Boys Girls Total 

Number of eases 250 254 504 

Total words written 37,164 45,498 82,662 

AvcraRc words per theme 148.6 179.1 165.9 

of 148.6 per pupil. As previously stated, boys in 
Group A write approximately 86 per cent as many 
words in a given time as do the girls. In Group B, 
they write 83 per cent as many. The tendency is sig- 
nificant in view of the fact that many teachers of Eng- 
lish make quantity assignments in composition courses. 
One cause for the relatively high performance of girls 
in language courses may possibly be found in the fore- 
go* 

Summary 

No sex dilTcrenccs arc apparent from a comparison 
of the intelligence quotients of boys and of girls in 
Groups A and B. 

The only sex difFercnce revealed by a comparison of 
the papers of the boys and girls in Groups A and B 
is the tendency of the girls to write more words in a 
given lengtii of time. Boys in Group A wrote themes 
only 86 per cent as long as those written by girls; in 
Group 13, boys' themes were 83 per cent as long as the 
girls’. 

In length of clause and proportion of subordinate 
to main clauses, the compositions of the boys and of 
the girls in Group A do not differ. Comparisons were 
not made for Group B. 



vn 

SUMMARY AND CONCLUSIONS 

The present study investigates language develop- 
menr, using the ciaiisc as the unit for study. The uses 
made of clauses arc considered significant indications 
of skill in language use. 

The clause rather than the sentence is used because 
it is impossible to determine what constitutes a sentence 
in an individual’s oral or written composition, unless 
the sentence be perfectly punctuated by marks or in- 
flection. In spoken composition inflection frequently 
is not a guide. 

The composition studied is the written expression 
of 1007 individuals, comprising three groups: 

Group A, 482 pupils in Grades 4 to 9, inclusive. 

Group B, 504 pupils in Grades 9 to 12, inclusive. 

Group C, 21 eminent psychologists. 

The writing of these individuals totals 161,518 words 
and includes 20,320 predicates or clauses. 

All clauses are classified according to two major 
categories: main and dependent clauses. For each of 
the 1007 individuals a subordination index is computed 
by dividing the number of subordinate clauses by the 
total number of clauses he wrote. 'Lhis subordination 
index is therefore the percentage which dependent 
clauses constitute of the total clauses written by each 
individual. 

Clauses written by Group A, children in Grades 4 
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to 9, inclusive, are further classified according to the 
following outline. 

•I. Independent clauses 

II. Dependent clauses, used as 

A. Adverbs, to express time, cause, condi- 
tion, concession, place, purpose or result, 
comparison 
J5. Nouns 
G, Adjectives 

A detailed study of the clauses written by Group 
A yields the following results : 

1. Correlation by the Pearson product-moment 
formula between mental age and subordination index 
scores for the 482 individuals gives a coefficient of only 
D.29=t.03; between chronological age and subordina- 
tion index, 0.41 ±.03. 

2. When median or mean scores are taken for men- 
tal-age groups of ten months each, however, increase 
of index is found to accompany increase of mental age 
except in extreme groups where chronological age 
varies greatly from mental age. High chronological 
age in these groups accompanies an increase in sub- 
ordination index, and low chronological age a cor- 
responding decrease. 

3. Within mental-age units of ten months, subor- 
dination index follows chronological age when mean 
scores are considered. 

4. It appears, therefore, that the tendency to use 
increasing proportion of subordinate clauses is a mark 
of increasing language development from Grades 4 to 
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9, inclusive (mental age, 101-230 months; chronologi- 
cal age, 101-192 montlis), and that this tendency is a 
function both of mental and of chronological age. 

Detailed study of the functions of subordinate clauses 
used by Group A discloses the following; 

1. While with the increasing age of the writers the 
number of eacli type of dependent clauses increnses in 
proportion to the total number of clauses used, the dis- 
tribution of these dependent clauses into the various 
functional categories (clauses of time, place, and so 
forth) remains fairly constant. 

2. The percentages of condition, concession, place 
(adverbial), purpose and result, and comparison 
clauses are so small at every mental-age level as to form 
an insignificant share (appro.vimately 6 per ce?it) of 
the total clauses used. This fact is import.nit in the 
development of functional-grammar curricula. 

3. The content of subordinate clauses becomes 
more exact with increasing maturation of the writers. 
Time clauses, for example, change from 'lo/nuj-clauses 
to after-, until-, w/oYf -clauses, and so forth. 

4. The most of the noun clauses arc used as direct 
object of the verb, over 60 per cent as object of a verb 
of thinking, saying, or believing. Noun clauses as sub- 
ject or in the predicate appear only once in every 26 
examples, 

.5. Adjective clauses and clauses of comparison 
are the only subordinate clauses which offer structural 
di/Ticultics. 

6. Length of clauses remains comparatively con- 



LANGUAGE DEVELOPMENT OV CHILDREN 


485 


stant between ages 8 and 16, the mean length for men- 
tal-age groups in this study varying from 6.6 to 8.7 
words. 

Analysis of clauses used by Group B, 504 high- 
school students, suggests the following: 

1, Approximately 36 per cent of the clauses used 
by high-school students 16 years of age or older are 
subordinate. Conversely, the percentage of dependent 
clauses used in writing increases until age 16 or above. 

2. High intelligence quotient does not appear to 
exert a marked influence in hastening the use of com- 
plex sentence structure. Chronological age does ap- 
pear to exert an influence when mental age is constant. 

3. Length of clause (average length, 8.0 words) 
for this older group is only slightly greater than that 
(7.2 words) for the younger pupils of Group A. 

4, Increased dependence on dependence accom- 
panies increased percentage of hypotaxis. 

The writing of Group C, 21 eminent psychologists, 
shows marked variations from the writing of Groups 
A and B. 

1. The median subordination index for this group 
is 45.3 for the first sample, 46.5 for the second. This 
is approximately 10 points higher than that for the 
high-school pupils of Group B. 

2. The average length of clause for this group is 
15.2 words, or nearly twice as many as are found in 
the clauses of Groups A and B. This increase in 
length is accompanied by increase in complexity of 
structure. 
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3. The language skill disclosed by these superior 
adults is not attained, even from a structural stand- 
point, by the most superior of the high-school students 
whose writing is used in this study. 

Sex differences arc insignificant save in one particu- 
lar: girls in Group A write an average of 14H.3 words 
per theme, while hoys writing on the same topic and 
for the same length of time write an average of only 
124.7 words. Boys’ papers give evidence of as much 
interest in the subject as do girls’. Girls in Group B 
likewise write an average of 179.1 words, while boys 
write only 148.6. 
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ITNE 6TUDE I>15 CERTAINS D^VELOPPEMENTS UU LANCaGE 
CHEZ LES ELfeVES DES ANNliiES SCOLAIRES QUATRE A 
DOUZE INCLUSIVES 

(Rdsumd) 

Cette dtiidc s’occutjc cUi cldv^ctoppcmcnt du langage avec la proposition 
comme unii6. Lcs compositiona 6tudi6c8 ont 6t6 icrites par 1007 individus; 
Groupc A, 482 6i^vcs des nnn^cs acoiaires quatre h ncuf, inefusives; Groupe 
B, 50+ ^Uvea des onnies ecolnircs nciif k douze, inclusivea; Groupe C, 21 
psychologuea iminents. Uicriture fait un total de 161.518 mots et de 20.320 
propositions. On a c]nssin6 lea propositions scion deux cat^goriea princi- 
palca, principalca ct ddpcndantca. On a compute im indice de subordina- 
tion pour cheque Indlvldu en divisant )e nombre de proposidons subor- 
donn6cs par Ic nombre total des propositions ticrites. On a classing d’ailleura 
les propositions 6critcs pnr (c Groupc A, scion Pusngc: ndverbinlea (temps, 
cause, condition, etc.); substantives; adjectives. 

L'^tude des propoaitiona 6critcs par le Groupc A donne Ics r^auftats 
auivants; 

1 , La correlation scion la formule Produit-Moment de Pearson entre 
I’Bge mentn] et lea r6su!tnfs dc ISndicc dc aubordi nation pour Jes vidividui 
donne un cocfriciciu dc 0,29±0,03 sculcmcnt; entre i'fige ciironologique ct 
I'indice dc aubordlnadon, dc 0,41 ±0,03. 

2, Les r^sulluls mddians on moyens pour lea gtoupes d'&gc mentnb cha- 
cun de dix mois, montrent ccpcndnnt un accroiascmcnt de i^indicc lequel 
Dccompagnc un accroisaement dc I’ilge mental aauf dans deg groupea ex- 
tremes ou rage cbronologiquc vatic bcaiicoui) de Tage mental. 

3, Dans les unites d'age mental dc dix moU, I’indicG dc subordination suit 
rflgc chronologiqiic ^uand Ton consid6rc lea r6suUnts moycna, 

L^^mde lies fofjc/iojjj des proposillojis siibordonniea cmploy6c9 par Je 
Groupc A montre les r^sultats sulvaria: 

1 , La distribution des propositions d^pendantes dans les cliverscs cate- 
gories dc fonctions (temps, endroit, etc,) rcatc aaaez constantc avec I’accrois- 
acmenc de I'dgc lies sujets. 

2. Le contenu des propositions aubordonn^cs devient plus exact avec 
la maturation augmcntanic dea aujets, Les propositions dc temps, par 
excinjde, cliangeiit dc (/i/a/id-proposUions h propositions avec aprh que, 
;iM 7 ijV) cc que, fendaut que, etc, 

3. Scnlcment les propositions adjectives et celles dc compnrnison offrent 
dea dilFicuU^s dc structure. 

4, I.a longueur des propositions rcstc comparativement constantc entre 
lea Age dc liuit ct dc seize. 

r/nnalysc des propositions cmpfoyifcs par ic Groupc B montre les r^- 
Biihnts fluivants: 

1, Approximnlivcmciu 36 pour cent des propositions ciTiploy6c5 par les 
fcUvcB dc I'icole Rccoiidnirc Agis dc seize ana on de plus lont subordonn^ea. 
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do propo^jiiotta depend a n'accrciii I'Sgc de aci^c 

ji^tir OKI de plus, 

' 2« quotient 6lev6 d'imelli^cnce ne acmblc paa £irc unc influence qul 
.{ftU viiftir plus rapidement remplni cic pliraftca curnplexcfr. I^'Agc cUrono* 
lo^iquo no semble pai cue une inltuence quami I'dqc menu! eat conaiaiu. 

1. La longvicur moyenne dca piupoiitiona pour Ic Groupe B cat pivi 
grande seulcmcnl de 0,8 mot* que pour Ic Groupe A, 

4<. Unc plus Rratidc ddpenuance »ur rimUprniInncc accompnRne une 
plui grande hypotaxc, 

L'^crlturc du Groupe C montre dea varUtioni mnrquica de r^crliuie 
dea Groupes A et B. 

L L'iiidicc median pmir ce groiipe cii dc pour Ic premier ^chaniillon, 
de 4f!j5 pour 1e acconJ, approximativemeni plus ^Icv6 de 10 poinia que pour 
1e Groupe B. 

2, La longueur moyenne dea propoaitiona cit 15,2 mots, prcique dcuir 
foil la longueur pour ka Groupca A et IL Une plui grande longueur eit 
accompagnde d'une plui graade complciik de structure. 

Les difT^rencea de lexe ooiit inaignitlautci A Texceplion du fait que Ui 
jeunes RIlea dei Gtoupei A et B krlvent plus de mots que ks gar$ont 
dam un temps donoL 

LaHhaHt 


EINF. UNTERSUCHUNG OEWISSRR SPRACIIRNTVVIOKLUNGRN BE! 

KINDERN DER VIERTEN BIS EINSCMLIESSUCH UER 
ZWOLmiN SCMiaKLASSE 

(Heferat) 

In dieser Arbeit ^vurde dk Sprachentwlcklung uolersucht, wobel dcr 
SatzleJLala Einheit dientc. Die unicrauchien Scbrifien (Aufa^ixc) atnramcn 
1007 ycficbkdcftfm Vcrsudiapcfioncn. Die Gruppe A bestand aut 4S2 
SchQien dcr yierten bia eitischUeaiHch dcr ncunten Schulklassc; die Gruppe 
Bi aua 50+ 8chu1ern tier ncunten bia elnaclilicsalich dcr zwwlficn Scluilklaaie; 
und die Gruppe C, aus 21 hervorragenden IV^^bulogcn, Die Schriften 

bclrugen im gnnzcn >161,518 Wdrt^r, 20,320 Saueinbeiten, Die Satzcin'< 
heiten werden nacU zwei groaiten Uaiiptkatcgiiricn kInsHicri— Ilnuptaat/,- 
einheiten und nbhangige SAtzeinhciicn [depcndcni claunes], Fiir ]ede 
Versuchsperaon wurtle eln , Untcrordnungiindex [subordination index] da- 
durqh crmiuclt, dms man die Zah) dcr untergeorditeten (abiiungigen) 8atz> 
cinhciicn dutch die Gcamaizab) dcr von dicier Vcrsuchspcrson gcaebrie- 
benen SalzeinheUen dlvldicrtc. Die von dcr Gruppe A gcschricbcnen 
Sat^cinheken wurden iveicerhin auf Ba*is dcr Anwendung dcr Satzefn-' 
belt klaaslert [claiilBed aa to use]: adverbial (ak Ausdruck dcr Zcit, dcr 
Uriacbc, dcr UniBt&nden, u.i.w.) ; linuptwortlicb, d.h., Anwendung dcr 
Satzchbclt ok ob bIc ein Ilauptwort wHrj und cigcnschaftawortlicb. 

Eitic Untersuebung dcr von dcr Ciruppc A gesebricbenen Satzeinbeiten 
, lieferte , folgciulc.Rcsullalc : 

li Die ink dcr PearRortkehen Produkt-Monient Fonnel crmittcltc Korre- 
laiion zwiseben dem gcIsUgen Alter [mental ngc] und tkn AbliilngiKkciii^ 
mdcxzahlcn [subordination index scores] dcr l/idividufti bcirdgt iiur 0,29 
±.03l zvyinpben dem kronologkrbcn | lac^iacblldicnj Alter und d cm Ab- 
hilngigkeitBmdex bcirMgt die KorreUtion 0Al:t.03. 
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2. Bcriicksichligt man aber die mittlcren otlcr die Durchschnitt-Zahlen 
gfuppenwcisc (in Gruppen von jc zclin Monaten), so Jlcfern sio KorreJn- 
tionzalilcn wclche mit dcr Zuimhmc dcs geistigen Alterfl einhergehende 
Zuiinbincii erweiaen, niisacr in den cxtrcmcn Gnippcu worin aich das kron- 
ologisclic Alter stnrk von dem geisligcu Alter untcrschcidet 

3. Innerhnib gcUtiger AUersclnlieitcn [mciunl-agc units] von 10 Mona- 
ten foigt dcr Abhaiigiglccitsindcx dem kroiioJogischcu Alter, wenn man die 
durclischnlitliclicn Zahlcn bcruckaichtigt 

UntcTSUcliung dcr Fvinktionen tier von dcr Gruppe A benuiztcn Satzein- 
heiten liefert folgcndc HcaviUntc; 

1. Die Vcrtciiiing dcr abhiingig^cn Sat'/einheiten nuf die verschiedenen 
funktioncllcn Katcgoricn (Zeit, Ort, ma.w.) bleibt bci zunchmendem Alter 
dcr Vcrsuchspcrsoncn zlcmiicb konstant. 

2. Dcr Inhalt dcr abhnngigen Satzcinlieltcn wird mit zunchmender Reife 
dcr Versuebspersonen gennucr, Die nich auf Zeit bezichenden Sntzein- 
heiten [time clauses] vertindern ^ich von /P'^nnsklnuseln [fioJten clauses] 
in A^rtc/fklaviscln [alter clauses], Eirklaiiscln [until clauses], /Kn/ir cndkl a us- 
cin [tivliUe cimiscs], u.s.w, 

3. Nur Eigenschaftswort- und Vergicichiingsklauscin macKcn den Ver- 
auchpersonen atrukturellc Schwicrigkcilen. 

4. Zwjschcn 8 und 16 Jahren bicibt die Liingc dcr SatzeiDheiten relntJv 
konstant* 

Analyse dcr von dcr Gruppe B benutzten Satzclnholtcn licfcrte folgcnde 
Result Ate: 

1. Ungefahr 36 ProzciU dcr von $cluilcrn dcr hdberen Schulen, 16 Jalue 
alt Oder ftitcr, hcnutzfca SaP/eInheiten wuren abliangigc. Der Prozent- 
sntz dcr nbbnnglgcn Sntzeinheiten nimmt bis zu 16 Jalitcn, odcr linger, 
211 . 

2* Bin bohes Intclligcnzquoticnt sebeint die Benutzung von komplizicr- 
ten SaUslrtikturcn nicbt zu bcscliicunigcn. Durch das kronologisclie Alter, 
nndcracita, sebcint dicsc Benutzung, bci konstnnt crbnltcnem geisligen Alter, 
bceinfluBsi zu vverden. 

3. Durchaclmittlich beniilzt die Gruppe B mir 0.8 WdJter mchr per 
Snizeinbeit nU die Gruppe A. 

4. Die Zabl dcr von Rchon-nbhiingigcn abhilngigcn Satzcinbcltcn nimmt 
mit Zunnbmc der llypotaxc zu, 

Die Scbriftstcllcrci [writing] dcr Gruppe C weicht stark von dcr Scluift- 
stcllcrci dcr Gruppen^ A und B ab, 

1. Dcr mvillerc Index dicser Gruppe (C) bctrHgt fiir das urate Exemplar 
43.3, fiir dns zwoite, 46.5; ist also ujn iingcfiibr 10 Punkt httber also bci 
dcr Gruppe B. 

2. Die Sntzeinheiten cnthaltcn durcbscbniltlich 15,2 Wdrtcr— also fast 
zwcl Mai BO vide wic die dcr Gruppen A und B. Die Ziinahme an Lange 
gebt mit ciner Zunnbmc nn Koinplizicrtbcit der Sntzstruktur einber. 

3. Die Gcschlecbtsuntcrsciricdc sind ohne Bcdcutung, mit Ausnnhmc dcr 
Tntsaebe, dass sowobj in der Gruppe A wic in dcr Gruppe B die Madeben 
inncrbalb clncs gegebenen Zciiraumca mchr Wortcr schreiben, ah die 
Knaben. 


LaBrant 
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I 

STATUS OF THE PROBLEM 


The effect of practice on the developing abilities of 
young children is an integral part of the larger prob- 
lem of native and acquired behavior, a problem which 
has been important systematically and educationally 
in such concepts as instinct and intelligence. Em- 
phasis on the dichotomy between the roles of heredity 
and environment, which characterized early experi- 
mentation, has gradually changed to an emphasis on the 
conditions of variation which may alter development. 
For an introduction into the problems of this vast field, 
the reader is referred to recent articles by Gesell (13), 
Shirley (29), and Witty and Lehman (36). 

Table I presents a resume of some of the studies de- 
finitely bearing on the relative effects of controlled 
practice on the performances of children. Informa- 
tion regarding the subjects, their ages, the perfor- 
mances tested, and the length of the practice period 
has been summarized there. The general findings 
of these studies will be briefly reviewed. 

Gates and Taylor (9) found that immediate prac- 
tice in memory for digits resulted in a marked gain in 
ability of a practice group over the control group. 
After 4.S months of no practice, however, the two 
groups were again equal; the practice group had en- 
tirely lost its advantage. After 3.5 more months with- 
out practice, when both groups were given 22 days of 
intensive training, the two groups were still approxi- 
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mately equal. Thus no permanent effects of the 78 
days of practice could be found. Gates and Taylor 
interpreted these facts to mean that improvement from 
specific practice was due to the acquisition of special 
and subtle techniques or adjustments which were un- 
stable and transitory. Their tapping experiment (10) 
showed that after an initial rapid gain improvement 
during the practice period was slow and steady. 
Though the control group was inferior to the practice 
group at the end of the practice period, 10 days of 
practice resulted in making the two groups equal. Six 
months later both groups were found to be substantially 
equal. On the basis of these facts, improvement was 
attributed to the steady growth of the neural and other 
mechanisms concerned, plus the acquisition of working 
methods. 

Gescll and Thompson (14) emphasized the import- 
ance of the method of co-twin control for studying the 
effect of practice on developing behavior patterns. 
Their results pointed consistently to the importance 
of maturational factors in the determination of infant 
behavior pattern. The climbing performance of 
Twin G at 55 weeks was far superior to the climbing 
performance of Twin T at 52 weeks even though Twin 
T had been trained seven weeks earlier and three times 
longer. In cube behavior, at the end of the training 
period for Twin T it was impossible to demonstrate 
any significant influence of the training. Strayer (30), 
using co-twin control on Twins T and C in early and 
deferred language practice, showed that the deferred 
practice was more effective. Follow-up contact after 
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a period of three months, Jiowcvcr, imlicated that the 
differences were disappearinj^ if not entirely gone. 

Goodenough and Brian (16) tested the development 
of skill in throwing rings over a post. Three groups 
of preschool rhildren were u.scd. Group A, wliich 
had rccciv'cd no instruction fluring practice, pn»grcsscd 
1 1.5 score points In comparison with I7..5 for Group B, 
which had received some in.struction, and 42. .5 for 
Group C, which had received thorough instruction. 
This study indicates the necessity for controlling factors 
concerned with the type of practice or training. 

In the development of motor cotjrdination in chil- 
dren as measured by the nviving-targct test, Hicks (19) 
found that both practice ami control groups made gains 
in average score from the initial to the linal tests, but 
that difference in gains was mit significant. In a par- 
allel study (20) the same children were given strength, 
perforation, and tracing-path tests once during the 
period when the initial target tests were given, and 
again when the final target tests were given, approx- 
imately three months later. On the strenglh and 
perforation tesf.s the inereaiies in skill witliour specific 
practice as shown by the tests were cfimparablc to in- 
crcvases on the target test either with or without specific 
practice, while on the tracing test slight hfsses were 
found. The results of both studies were interpreted to 
mean that improvement in skill probably resulted from 
the operation of factors such as structural maturation 
and general practice. Hicks and Ralph (21) found 
in their maze test that practice did not result in sig- 
nificantly greater skill. The large itrcrcasc in skill in 
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both groups could again be attributed mainly to struc- 
tural maturation and general practice. 

The experiment by Jersild and Bienstocic (24) indi- 
cated that children’s performances in reproducing 
pitch and interval could be much improved through 
training. They suggest that musical training at the 
age of tinee could be undertaken with promising re- 
sults. Jersild (23), in a further study on the ability 
to sing tones and intervals, found that not only did the 
practiced children make a decided gain over the con- 
trols but they retained this favorable position on re- 
tests four months later, Jersild observes that the gains 
were made by learning new tones and intervals. This 
experiment on music was part of a larger investigation. 
In the experiments on color naming, free association, 
strength of grip, strength of back, and tapping, the 
practiced children showed some advantage over the 
controls at the end of training. This ranged from a 
small advantage in tapping, vital capacity, strength of 
back, and free association which was entirely gone 
three months later, to a greater advantage in color 
naming and strength of grip. At the end of three 
months the practice group no longer maintained signi- 
ficant advantage in color naming but did retain its ad- 
vantage in strength of grip. This difference dropped 
out on retesting seven and a half months after training 
had ceased. Jersild states that practice apparently 
did not bring about changes beyond the limits deter- 
mined by the child’s degree of maturity. 

Hilgard (22), training in the skills of buttoning, 
cutting, and climbing, found that after twelve weeks of 
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practice the practice group exceeded the performance 
of the control group on nil the tests, hut one week of 
practice by the control group was suflicient to bring the 
scores of the control and practice groups to similar 
levels. The rapid relative gains of the control group 
were i/uerpreted to mean that factors other than speci- 
fic training contributed to the development of these 
three skills, factors which may be accou/tted for partly 
by maturation and partly by incidental practice in re- 
lated skills. Evidence from the learning curves of the 
practice group in buttoning and climbing showed that 
improvement was more rapid in the latter part of the 
training period, consistent with the accelerated learning 
of the control group at the end of the c.xperiment. 

In a very suggestive c.xpcriincnt, Burtt (2) found 
that original Greek selections which were read daily 
to a child between I.S months and 3 years of age were 
recalled at the age of H!4 years in fewer repetitions 
than similar new material in Greek. The new ma- 
terial required 435 repetitions per selection; the ma- 
terial presented in infancy and early childhood re- 
quired 317. These data must be given serious consid- 
eration because of their educational implications. 
Measurement at various ages after an experiment 
would appear important. 

Mattson (28) investigated the relation between level 
of complexity in skill and effectiveness of practice on 
retention. She found that, if the situation was simple, 
a few trials to adjust the individual to a particular situ- 
ation plus an interval of time were necessary to achieve 
skill; if the situation was complex, considerable spcci- 
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fic practice plus a given matur^itional level was neces- 
sary. Loss Of gain after a period of non-practice was 
related to the level of performance at the interruption of 
learning. Rest periods during early stages, when im- 
provement was more rapid, resulted in slight changes 
either of gain or loss. Rest periods later, when the 
curve was flattening, resulted in relatively greater loss 
in skill. Forgetting did not proceed more rapidly on 
complex than on simple levels over a 60-day period. 

The accumulation of data in the above studies is con- 
tributing to a more adequate sampling of the effect 
of practice on a variety of performances, Interrela- 
tionships gradually become clearer. For example, a 
single performance has been studied at different age 
levels; we now have data on tapping from Jersild 
(23) on children aged 2-3 years and from Gates and 
Taylor (10) on children aged 4-6 years. Within, a 
given age range, more performances are being sub: 
jected to experimentation; on the age range from 2-3 
years we have had experiments by different investiga- 
tors on maze behavior, strength of back, tapping, musi- 
cal pitch and interval, cutting, buttoning, and climb- 
ing. Some of the differences in findings are attribu- 
table to differences in specific methods used. It be- 
comes increasingly possible to account for these dif- 
ferences as the field is explored more thoroughly. The 
present experiment is an attempt to further the analysis 
of the problem. 



GENIvRAL PLAN OP THE KXPKRIMIvNT 


In order to test further the influence of controlled 
practice on the development of behavior, a pair of 
identical twins was clioscn for study. It seemed of 
interest to continue the use of the method of co>twin 
control at a more advanced developmental level. 
Longer exposure to general environmental conditions 
might have produced differences between the twins 
which would invalidate the method for use with older 
children. 

Twins 2’ and C, aged 414 years, were available for 
study at the Clinic of Child Development. Tliis is 
the pair of identical twins used by Gcscll and Thomp- 
son (14) when they were between the ages of 46 and S4 
weeks in the study of climbing and cube behavior; by 
Straycr (.10) between the ages of 84 and 93 weeks in 
her study of language development; by Partridge® 
between the ages of 27 and 36 months in an investiga- 
tion of drawing and language; and by Gcscll, Thomp- 
son, and Lytle (33) between the ages of 43 and 49 
months in a study of the control of attention. Tlie 
twins have been observed periodically at the Clinic of 
Child Development from the age of 6 weeks. Tlie 
present experiment extended over tlie period of a year, 
from January, 1932, to January, 1933, when the twins 
were 54-66 months of age. 

Prom the many pcrform.'tnces wliich might have 
been selected for investigation, certain ones appeared 
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to have a more strategic relationship to other investiga- 
tions. In order to compare the co-twin control 
method with a study using a large number of children, 
tJje digit-memory test was chosen. This had been used 
by Gates and Taylor (9) on children of similar age. 
An object-memory test was added for the purpose of 
sampling another mnemonic function. That each 
child might serve as both practice and control subject 
throughout the experiment, a set of performances quite 
removed from memory were chosen. The test of cut- 
ting made possible a comparison with the group study 
previously reported by the author (22). Walking- 
boards of various sizes (1, 2S) provided a motor test 
graded in difficulty. The ring-toss, as suggested by 
General Scheme of Experiment 
C onacculive pcrloda 

]an., 1932 lo Jnn., 1933 Procedure 

Twhib aged 54-66 

inotiiha Twin T Twin C 


I, 4 weeks (initial 
ichi) 

2* 8 W^jcks 


3, 4 weeks (first re- 
test) 

4- 8 weeks 


5. 4 weeks (second re- 

test) 

6. 12 weeks (third re- 

test) 

7. 12 weeks ( fourth re- 

test) 


Tested twice: 
all Hems. 

Practice: walking- 
boTirds and ring-toss. 

Tested twice: 

all items. 

Practice: digit- 
and objcct- 
jnemory, ciiltlng- 
Tested twice: 

ail items. 

No practice. 

Tested twice on 
aj) Jte/ns at end. 

No practice. 

Tested twice on 
nil itcmB at end. 


Tested twice: 
ell items. 

Practice t digit- and 
object-memory, 
ciifting. 

Tested twice: 
all Items. 

Practice: walking- 
boards and ring- 
toss. 

Tested twice: 
all items, 

No practice. Tested 
mice on all items 
at end. 

No practice. Tested 
twice on all items at 
end. 


Motor items: cutting, ring-tasa, walking-board. 

Mctriory items; Olijcct-mcmory, digit-memory. 

IVnclicc occniTcd ihrcc limes n week during lUe practice periods, 
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Goodcnough and Brian (16), furnished performances 
differing in the perccptuonintor coordinations in- 
volved, Under the proposed experimental set-up of 
reversed practice and control, both twins could be 
trained at once so that cooperation and confidence in 
the experimenter, attention to the experimental situa- 
tion, and similar factors might be controlled. 

The experiment departed from (he general plan of 
previous experiments by using each twin both as prac- 
tices and as control in the memory and motor items 
throughout the experiment. The general scheme is 
indicated in the accompanying schedule. 

Test periods were the same for both children, while 
practice periods 2 and 4 constituted reversals of prac- 
tice and control. Periods 6 and 7 served to show the 
influence which previous special practice may have 
exerted as well as to check the similarity or dissimilar- 
ity of growth unhampered by immediate special prac- 
tice in the same two children, 



Ill 

GENERAL CtlARACTERISTICS OF THE 
SUBJECTS 

That subjects T and C were highly similar twins 
has beeji established by previous work carried on at 
the Clinic of Child Development (12, 14, 30). At 
the beginning of this experiment, when the twins were 
54 months of age, they were tested in a number of ways 
in an effort to find similarities and differences which 
might affect the experiment. 

Physically, the children resembled each other to a 
marked degree. For example, during the initial de- 
velopmental examination, T, a little restless, turned to 
the curtain at the head of the crib. Pulling it aside, 
she looked into a mirror exposed there and said, "C 
is in there. She is standing right over there.” At this 
point the examiner replaced the curtain. Later, while 
undressing, T again turned back the curtain, saw her 
mirror image, and exclaimed, “There is G; she is un- 
dressing too.” Then T looked in back of the mirror, 
in front of it, felt of it, and finally said, “Why, that 
isn't G at all. It's a mirror,” Since C did not exhibit 
the same spontaneous curiosity regarding the curtain, 
the examiner suggested that she pull it back, G com- 
plied and smiled. To the examiner’s question, “Who 
is it?” she replied, "T." The examiner then asked, 
“Where is she?” and C answered, “In there.” When 
pressed further, G decided that it was not her twin but 
herself. All physical measurements at this time 
showed marked similarities, 
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On the mental examination the twins received simi- 
lar ratings; Stanford-Minet (32) MA for T was 48 
months; for G, SO months. The general rating on the 
C. C. 1). developmental schedule (11) was practically 
the same. On the Ooodenmigh drawing test (IS) T 
scored an MA of 60 months; 0, one of 54 montlis. In 
regard to vocabulary, T and C received the same score 
of 48 months on the A’an Alstyne test (34), while cm the 
Merrill'Palmcr action agent test (31) 7”s rating was 
placed between 36-41 months, while C'S was 36 months. 
The di/Tcrenccs in MA seem not to be significant. 
When the individual responses were compared, T's 
were superior in some ways to G's, while in others G's 
were superior to T’s. During the examination it was 
noted that G was less talkative, evinced more interest 
in fine motor coordination, and was more restrained 
than her twin.*'' 

Additional tests related to the activities of the main 
study were given: in handedness and manual speed, be- 
cause of their importance in cutting and ring-toss; in 
footed ness, because thi.s constituted a possible factor in 
skill on the walking-boards; in memory, so that an ade- 
quate sampling of similarities and difTcrcnccs might be 
obtained before using certain memory functions for in- 
tensive study; and, finally, in perseveration, as an aid 
in personality diagnosis. In handedness, using tests 
described by Haefner (18) and Gates (H), very little 

Tones and Wilson (26) coinmctit tlint Minin divernenee in 
strikingly siniiliir twins is apt tn .stand in inarked relief. 'I'liis is the 
ease in differenecs noted hciweeii 'IVins 7' and (' for lliey were 
markedly alike even in these, characteristics. 



EFFECT OF EARLY AND DELAYED PRACTICE 


511 


difference appeared ; T and G preferred the right hand 
in all performances with the exception that T clasped a 
broom with her left hand on top. Using Cuff’s test 
for footedness (S), it was found that both children 
kicked four times as often with the right foot as with 
the left. On the manual speed tapping tests (17) T 
maintained a consistently slower tempo; an average 
of 22.1% fewer taps for the four situations of right 
bimanual, right unimanual, left bimanual, and left uni- 
manual. 

On memory tests of the Stanford-Binet, T and G had 
done equally well in digits, getting 4 digits correct in 
one of three trials; memory for sentences gave C a 
slight superiority at year 4 where she scored 1 to T's 
Yz point. The Knox cube test of rote memory brought 
out a personality difference rather than a reliable score 
difference between the twins, for, although T gave a 
good performance, G did not direct her attention for 
any length of time toward the task, preferring to play 
with the blocks themselves. Using the technique de- 
veloped by b'ester (7) in testing memory for stories, 
it was possible to obtain simultaneous performances in 
a memory function. Trials were spaced at two- and 
three-day intervals. The results, interesting in refer- 
ence to the memory experiment proper, show that in 
this function simultaneous practice resulted in similar 
performance. The data are presented in Table 2. 

A modified battery of perseveration tests (6) was 
given to the twins at the beginning of the experimental 
period, at the end of intensive training periods in June, 
and again as a clieck in October. The persevsrative 
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TAMM 2 

T AND C: Mkmory for a Story 
“The Dog ami ihc KilCcns'" 

Trials 

r 

C 

1 

0 

0 

2 

Iff 

IH 

3 

n 

31 

4 

37 

V 

5 

4? 

u 

6 

6(; 

M 

7 

71 

72 

% 

71 



function, which is clcfinctl by Cushiii}!; as the ability to 
remain at a more or less routine task, such as dropping 
marbles into a can througli a hole in the top, was con- 
sistently different in the two children on the January 
and June examinations. T remained at each of the 
eight situations longer than C, and her total time spent 
on the toys was twice as much.* 'rhis conlirmcd a gen- 
eral impression that 7’'s attention to a task was apt to 
be longer than her sister’s. On the October examina- 
tion, however, the children were practically equal in 
total time; T spent a little less time than on previous 
examinations, but C increased her time greatly and in 
certain situations spent longer than T. In view of the 
January data at the start of the experiment, it seemed 
important to plan practice periods which would be 
short enough to interest each child for the total period. 
Consequently, the number of trials on each test was 
limited to a number which seemed to produce maxi- 
mum effort on the part of each cltild for the duration of 
the period. 

^Thc clTect of practice on iUtcniional (nctorH whicli involvcil tlie 
trninin|r of 'Fwiii 7‘ from the orc of 27 muntliH to 36 monihs (.33) 
rimy Ire evident in (hc.?c tests. 
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The twins were markedly similar in the majority of 
initial tests in the main study. On digit-memory, ob- 
ject-memory, ring-toss, and walking-boards of 2 and 4 
centimeters, scored in terms of errors, the similarity 
was pronounced. Slight differences were evident in 
the number of deviations made in cutting. A decided 
difference appeared in the error score for the walking- 
board of 6 centimeters. 



IV 


EXPERIMENTAL PROCEDUREvS, 
MATERIALS, AND SCORING DEVICES 

A, GliNI-KAl, PWX'I-UUKES 

Except for minor coltls, neither twin was ill through- 
out the experimental pcriovl with tlte result that test 
and practices came exactly as scliedulcd, Tuesday, 
Tiuiisday, and Saturday in the morning between the 
hours of 9 :00 and 1 1 :0(). When IxjIIi motor and mem- 
ory items were presented to each chili! as tests, T and 
C were given them on successive days. Practice 
periods spaced at the same intervals for both children, 
three times a week for ciglit weeks, totaled twenty-four 
in each part of the experiment. Inasmuch as pro- 
cedures, techniques, and number of trials were identi- 
cal in the test and practice periods, it was possible to 
construct curves of learning or memori/.ation from 
averages of the practice trials for each week, Here it 
should be noted that each average test score was based 
on the results of two test periods given during a four- 
week interval while each week's average practice score 
represents three day's work within the week. 

To control the effect of fatigue and to show no pre- 
ference to cither twin, the children took turns going 
first with the examiner. While one twin received 
practice, the other played with toys unrelated m tlie 
experiment in the waiting-room under the supervision 
of a secretary. 

Practices and tests alw.ays took place in the same 

[5I4;| 
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room. Full instructions were given to a. subject before 
starting each test. After the first test periods, however, 
it would have been strained to repeat all instructions 
verbatim as the children became entirely familiar with 
the procedure. Consequently, brief directions soon 
took the place of the first longer ones. The emphasis 
was to have every situation as natural as possible. No 
coaching was attempted because of the difficulty of 
measurij^g the amount at any given time or estimating 
its influence at a particular part of the learning process. 
Since Goodenough and Brian (16) have shown that 
the degree of instruction probably influences the de- 
velopment of a specific skill, it seemed better to keep 
such a variable factor controlled as much as possible. 
When a child had performed creditably, the experi- 
menter would comment, “Good,” “Good work,” “That 
was well done,” and, in general, share the child’s pleas- 
ure of achievement. If, on the other hand, there were 
difficulties, the experimenter would say, “I think you 
can do better this time,” ''Mono let’s see how well you 
can do it,” “Do your best.” Whenever reminders 
seemed to be needed, parts of the original instructions 
were repeated. 

It was easy to establish a friendly and playful rela- 
tion with both children. Cooperation proved excel- 
lent from the start. Activities for each morning were 
treated as games to be taken as a matter of course. Or- 
der of tests depended both on the child and on the ex- 
perimenter. It seemed more important to foster de- 
sire for active participation on the part of the child 
than to adhere to a rigid order of tests where one test 
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always came /irst and ihc others in their exact places. 
The child was permitted to choose the test, but by 
means of suggestion the experimenter was able to modi- 
fy choices so that there was approximately equal order 
for the different activities during the practice periods. 
In test periods, the order of presentation was identical 
for each child. After all cxperimeninl sessions, there 
was a short period before returning to the other twin 
when the child could choose a toy for play frotii a num- 
ber of toys not in any way associated with the test ma- 
terials. This procedure added variety to each morn- 
ing’s experience. Numerous little routine games, such 
as surprising the other twin, saying "boom” on steps, or 
treating benches like horses, not only added zest to the 
experimental life but greatly increased the comrade- 
ship of subjects and experimenter. 

B. TIuSTIKCS TMli AniLFTY ATTAINED TN MEMORY 
FOR Dlt.'IT.S 

Cards, each with nine series of digits, constituted tlie 
material for this test. Three of the scries consisted of 
3-digLt combinations, three of 4-(ligit combinations, and 
three of S-digit combinations. Tlicsc perfor/nances 
are located on the Stan ford-Ili net test at years 3, 4, and 
7, respectively. Procedure and directions were simi- 
lar to those on the Stanford-Hinci. First the child was 
presented orally with the 3 digits, then 4, and linally 
5. If she succeeded on the first trial with three digits, 
the experimenter immediately gave the 4-digii' series. 
Here all three trials were given regardless ()f failure 
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or success. Finally, came the series of 5 digits; two 
trials on these generally sufficed because of attention 
and fatigue factors, 

To eliminate verbatim learning of any particular 
series, six cards with varying combinations of digits 
were employed. General rules for the construction of 
test material were followed. By using six different 
cards of digits the same sequence of numbers occurred 
once every two weeks, or four times during the practice 
period, At test periods when both children were given 
the digit test, the same list of digits was presented to 
each of them, 

If the child wished to sit at the small table she could 
do so; on the other hand, if she wished to stand near 
the wall, that was permitted. The only set require- 
ment was that the child should be quiet with attention 
focused on the experimenter. Both children like the 
game of standing in a corner of the room, moving to 
a new corner with each success, and finally standing 
next to E for the last numbers. Then a twin some- 
times would have E stand in the corners while she 
looked very seriously at the card to “read” the numbers 
for repetition. Occasionally interest flagged some- 
what, but effort was consistently good. The test did 
arouse an interest in numbers and number sequences 
evident in other situations. 

It was found that to score the results according to 
the Stariford-Binet method ignored all but gross steps 
in improvement, for various degrees of ability ap- 
peared at each level. Sometimes on the 4-digit num- 
bers all of the digits were given correctly though not 
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in the right sequence. Reversals were fairly numer- 
ous. The addition of an extra digit to an otlicrwisc 
correct series frequently occurred. Consequently, a 
system of progressive values for performance was con- 
sidered advisable. 

Score in \\nim 

i di^iin in enrreif tnenurnre I 

4 of 4 torrcri (wiih addiiUms ur iran^j^iMiinns) 2 

4 iWfilH in correct Ref|wpnec I 

5 of 5 coffccr C^iih addilionn or Uflhnr>oiiiimnn) 4 

5 digUs in coirerl seriucnce 5 

The three best performances for each day were 
counted. A week’s practice scf)rc consi,slctj of an aver- 
age of the three best performances on each of three 
days. Test scores included only the three best per- 
formances on each of two days. 

C. Testing the Anii.iTY ArrAjNEi) m Memory 
FOR Objects 

Since previous work on object-memory tests for chil- 
dren offered little in the way of models, a test known 
to the children as the "toy game" was constructed. It 
was admittedly an exploratory project whicli olfered 
possibilities of testing factors in memory other than the 
purely verbal. It also had the advantage of maintain- 
ing the children’s interest. In spite of certain inade- 
quacies, such as equating the objects for diflicuUy, re- 
sults on the basis of the scoring method finally adopted 
were comparable with results on other memory ma- 
terial. 

Forty-five objects which the children were al)le to 
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name on sight before the experiment began were chosen 
for use. 

Object-Memory Test 
Position of objects 


I. 

carringc 

10« 

ball 

19. 

matches 

28. 

house 

37. 

ling 



tL 

letter 

20, 

key 

29. 

hdkf. 

38. 

shoe 

3. 

bcAcJs 

12 , 

trie 

21. 

laces 

30. 

pencil 

39. 

string 


ficis5orj) 

13. 

book 

22. 

iron 

31. 

man 

40. 

horse 

5. 

cloUicspins 

trap 

23. 

comb 

32. 

blocks 

41. 

button 

6. 

bird 

15. 

sonp 

2+. 

pipe 

33. 

cup 

42. 

pocketbook 


glasses 

16. 

cbnir 

25. 

nickels 

3^, 

dog 

43. 

bell 

S. 

Spoon 

17. 

pins 

26. 

auto 

35. 

clock 

44. 

brush 

9. 

mirror 

18. 

airplane 

27, 

knife 

36. 

bed 

45. 

paper 


Any desired combination of toys could be transferred 
quickly from a cabinet to the small table behind a 
screen ready for presentation. The child was seated 
at the table opposite E, who said, “Now I am going to 
show you some toys, one at a time, and I want you to 
remember what they are so you can tell me afterwards. 
Watch carefully. 1*11 nod my head when it’s time for 
you to tell me.” The toys were then presented in suc- 
cession for an exposure time of approximately two sec- 
onds apiece. Each was removed before the next ap- 
peared. As soon as the last toy was removed, E gave 
the signal for recall. First, two toys were presented. 
If the child recalled those correctly, three were pre- 
sented, If these were correct, then four were given. 
Only a few times were five objects tried because seldom 
was there success in naming four. In case the three 
objects were incorrect, this same number, though not 
the same objects, was presented again. There were 
no more than two trials at each level. On missing the 
second trial, the next lower level was presented, and so 
on, until the child was successful. After the first tests, 
the starting-point became the highest score which the 
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child had been able tn achieve in the preceding practice 
and continued from that point either up nr down in the 
manner described above. Prcseniatitms for tlie day 
usually totalled five. The child saw each object about 
once a week; methods of choice were variable enough, 
however, that the object did not appear in the same 
constellation more than twice during the practice ses- 
sions. 

Cooperation was good. Between presentations, 
while E was arranging the next series entirely out of 
sight, the subject could close her eyes, lay her head on 
the table, or run over to the corner until E announced 
it was time to come back. It was noted that this pro- 
cedure which depended on the desire of the child very 
well took care of any natural resiivcncss. 

After the different methods for scoring this test had 
been tried, the following system which gave credit for 
fine gradations of improvement was adopted. 

Perfotmance I^oinK 

2 of 2 objecu 

2 " 1 ’* 

1 " 3 " 

j " 4 <• 

^ II ^ H 

An average of the two highest performances consti- 
tuted the score for the day. By averaging three of 
these daily scores, the score for the week was found. 
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D. Testing the Skill Attained in Tpirowing 
Rings over a Post 

The ring-throw game proved popular with both 
children. In this test® the child stood feet from a 
green post, inches high and I inch thick, set in a 12- 
by-lS-inch white platform, also 1 inch thick. This 
platform in turn was placed on green linoleum with 
two concentric circles drawn in black as an aid in scor- 
ing the quality of performance. The first circle was 
12 inches, and the second 24* inches, from the post. 
Instructions were given when the child was standing 
at the proper line, "You see the post, don’t you? The 
game is to throw the ring over the post so that it goes 
on. Do you understand? Throw carefully and try to 
make it go over the post. Keep your eye on the post.” 
Each twin gave evidence of understanding the game 
immediately. No instruction or assistance was offered 
in the course of the practice or test periods, which con- 
sisted of 20 throws, S at a time, before picking up the 
rings to repeat. Each child held the rings over her left 
arm and threw with the right hand. At the end of the 
first ten throws, E often allowed the child to change 
places with her, i.e.. Twin T or G recorded E’s perfor- 
mance of 5 ring throws. This technique gave the chil- 
dren a short rest period and, in addition, it added much 
to the enjoyment of the subjects for they loved to as- 
sume E’s position and prerogatives. Often, in all 
seriousness, they would give the e.vact instructions for 

“'riu! spuciliiMtioiis of Goodcnoiinh anil Brian were used. For a 
more detailed discriplioo, die reader is referred to tlicir study. 
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her to follow; in case things were going badly they ad* 
monished in E’s best manner “Keep your eyes on the 
post." 

By using a mimeographed diagram it was possible 
to record the approximate spot where each ring tell. 
Numerous scoring devices were tried. It was found 
that the all-or-nonc method of counting only the ringers 
did injustice to the total day’s performance by omitting 
consideration of much of the data.® Consequently a 
point system was worked out: 


rerforrtinnec 

in poittU 

Ringer 


Wiihin t2-liwli eircl* 

2 


1 

BfljondW- " " 

0 

Each week’s score represents 

4 

(he average of 60 


throws computed in the manner just described. One 
day of each week of the practice series a child was ah 
lowed 5 extra throws if she asked for them; it is sig- 
nificant of the sustained interest that neither child 
missed these a single week. 

Since in the initial tests and during tlic first week of 
practice, the final landing-spot, and not the place where 
the ring first touched, was recorded, it was necessary 
to calculate these first scores. For T it seemed fair to 
accord her the same scores attained in the second week 

’’Goodenaugh and Hrian. using 20 children divided into .1 ti;roup!), 
decided that ringers Khme constituted the litst sc<ir(ti(j nictlKHl. lix- 
Amln.itian oi their table shows that tlic r.inKe of vnhie from diild 
to child within their three gron))!! was so wide tliat comparison!, of 
individual cliiUIrcn on this scorinir scale would be mtnnini'leKS. 
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of practice though these may easily have been too 
high. The difference between T and C is in the same 
ratio as their difference in the last retest. 

E. Testing the Skill Attained in Cutting 

To secure a measure of the child’s performance and 
progress, graph paper was used as test material. On 
an 8^ -by- 1 1 sheet of 10-to-the>inch cross-section paper, 
two parallel vertical red lines, 6 inches high, were con- 
nected at the top by a 5-inch horizontal red line. On 
a second sheet of the same size a 10-inch red line, 
starting 3 inches down one side, was drawn across the 
page almost to the opposite corner where it turned at 
a 45* angle and proceeded straight for 7 inches. 

The task on these sheets was designed to test fine 
motor coordination necessary to stay on a line. Scor- 
ing was simple. It consisted of counting the number 
of cross-scction squares or fractions of squares between 
the red line and the cutting. Deviations for the two 
materials were averaged to give a daily score, The 
score for the week was determined by averaging these 
daily scores. 

A second part of the cutting experiment was de- 
signed to test the degree of error involved in cutting 
corners. At this age it is sometimes difficult for the 
child to stop the scissors at exactly the right place in 
order to make the turn; either she stops short or goes 
beyond, Material for the test was a half sheet of the 
graph paper on which was drawn a series of 1-inch 
red stair steps. To score, one had only to count the 
numbers f)f thrce-millimcter squares or fractions of 
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thcni above or below the turning-point of the red line. 
For a weekly score the performances for three days 
were averaged. 

As the experimenter indicated the starting-point, the 
child was told to cut as carefully as possible along the 
lines. On the stair steps, it was explained that special 
care would be necessary at the corners in order to stay 
on the red line. After the children became familiar 
with the material they were allowed to choose which 
drawing was to be cut first. Sometimes they guessed 
which one the experimenter held hidden for the next 
presentation. 

At the end of each testing, E had the child show her 
the places which were best done. In this way attention 
was focused on the kind of performance which was 
considered desirable. The children adopted various 
names for die drawings. The figure with parallel lines 
was usually a house. After cutting a doorway the 
house could be made to stand up. Sometimes windows 
were drawn, and various decorations added. The sec- 
ond figure became a wall or sidewalk while the stair- 
step figure most frequently was called a church. Both 
children liked to draw tlic people who lived in the 
house, passed on the walk, and attended the church, 

F. Testing the Skill ArrAiNEi) on the 
Walking-Boauds 

This test involved the use of three walking-hoards, 
2, 4, and 6 centimeters in widtli, 25(1 centimeters in 
length, and 10 centimeters in height from the lloor. 
At each end of the hoard a .small stpiare plaiforin made 
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it possible for the child to stand flush with the board 
ready to start; it also enabled her to balance both feet 
at the end before jumping down. As the child stood 
on the small platform ready to start, the experimenter 
said, "See this board. I want you to walk on top of 
it way to the end. If you step off, step right back on 
again at the same place and keep on going until you 
get to the end. Do you understand? .... Ready, go.” 
Time was taken from the second the child’s first foot 
touched the board until both feet were placed on the 
platform at the other end. Board 6 was always given 
first, then board 4, and finally board 2, with three trials 
on each board before the next was introduced. For 
each trial, errors as well as time were noted. Since 
each board was given 3 times a day with practice 
periods spaced 3 times a week, performance for a week 
consisted of the average of 9 trials on each board. In 
plotting the learning curve for the eight weeks of prac- 
tice, each of the eight points therefore represents 9 
trials either in terms of time or errors. During the 
four- week intervals when testing alone took place 
cacli point is based on 2 tests of 3 trials per board, or a 
total of 6 trials, 

In view of recent experimentation by Courtney and 
Johnson (4) on the difference in emotional response of 
children to the walking-boards and the effect of this fac- 
tor on performance, it may be noted that each twin had 
the very healthy attitude of try-and-try-again with no 
signs of fear at any time. Comments by the children in 
reference to tlieir experience on the walking-boards give 
.1 picture of enjoyment and cooperation for practically 
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every session. To gci some objective measure of this 
interest during the practice period an extra trial per 
week on each board was granted upon request of the 
child. During the eight weeks T asked for all 8 extra 
opportunities on board 6 as well as on board 4, but only 
6 on board 2. C had 7 on board 6, 7 on board 4, and S 
on board 2; since she bad neglected to ask during the 
first practice week her total number automatically was 
lowered. These figures do indicate how spontaneous 
interest persisted to the end. 

Proficiencies attained on all tests arc summarized in 
Table 3. 



V 


PRESENTATION AND DISCUSSION OF 
RESULTS 

/I. Digit-Memory 

Results of test sessions and practice periods are pre- 
sented grapliicaHy in Figure 1. On the initial tests in 
January a slight unreliable superiority for C is evi- 
dent. Practice for eight weeks increases this superi- 



FIGURE I 

UicUT-M EMORY 


ority until on Retest I in April, G has risen from L3 to 
3 points while T has remained at the initial test level 
of 1 point. As soon as T is subjected to intensive prac- 
tice, however, she immediately improves until she 
totals 3.7 points on Retest II in June. Reference to 
the scoring system will show a score of 1 to mean 3 
digits, a score of 1.3 to mean 3 plus digits and the final 
scores of 3 and 3.7 being 4 and 5 digits, respectively. 
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On ihe SianfortMiincl icsi, a score of a diniis is a 3- 
year pcrfarmancc, 4 tiigits a 4-ycar, and 5 digits a 7- 
year performance. Hence the total improvement dur- 
ing the second practice period of B weeks corresponds 
to n 4-year gain on the Stanford-Binct. 

As a result of T’s practice during the scctmd period, 
T and C Itavc reversed the positions which they held 
on the Retest 1; the practice curve and the non-practice 
curve have cut across each other. Not only has T 
greatly improved but C, with no practice, has been un- 
able to maintain the position which she gained as a 
result of intensive practice. In September, after a 
threc-moiuh interim of non-practice, hoili children give 
almost identical performances. With the cessation of 
practice, T has shown the decline in performance 
which C exhibited under the same circumstances, so 
that the performances arc as similar as on the initial 
tests. The final check in December continues and con- 
firms the September results. 

In a comparison of the two practice periods it is 
evident that, though T and C started with approxi- 
mately the same performance, the curves of memoriza- 
tion show certain distinct characteristics. Most 
outstanding is the plateau of G which lasts from the 
third to the sixth week. Analysis indicates higldy 
consistent records of success on approximately 2/3 of 
the 4-digit numbers. .Not until the sixth week, how- 
ever, when a rise in the curve is again evident, was C 
successful with a .5-digit series, and in each of the two 
following weeks she gave a 5-digit number correct ex- 
cept for sequctice. It would appear that the plateau 
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vvns maintained until G was able to achieve the 5-digit 
scries. 

While C did not attain S digits until the sixth week, 
T, whose curve of memorization by contrast seems to 
rise abruptly, was successful on a S-digit series at the 
end of the second week. She achieved two successes 
during the fourth week, one success except for sequence 
in each of the fifth and sixth weeks, three successes in 
the seventh week, of which two were in correct se- 
quence, and two entirely correct in the last week. At 
the same time T Wtis constantly improving her per- 
formance in the 4-digit series until in the seventh and 
eighth weeks she received scores only for performances 
on or above the 4-digit level. 

The early practice of G resulted in an advance of 
1,7 points, while T, who received practice 12 weeks 
later, gained 2.7 points. Handicapped by her inability 
to master 5 digits, C remained on a plateau for several 
weeks. 7'his may have bec/i an individual matter or 
it may actually have been due to a difference in age. 
However, caution should be exercised in attributing 
the greater gain to an added maturity since the results 
hinge on one curve of memorization. 

TJjc results of this experiment confirm those of Gates 
and Taylor (9) on the elTect of intensive practice on 
oral digits. They found that after 78 days of prac- 
tice during months on tnemory for digits, the 
practice group liad gained 2.07 digits, the amount 
gained by the average untrained child in six years ac- 
cording to the ^Stan^or^l-H^nct test. The control group 
hud gained .7^, or one-third as much. On the retest 
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416 months later the advantage of the practice group 
had been entirely lost and the two groups were as near- 
ly equal as at the beginning of the study. As an hy- 
pothesis, Gates and Taylor suggest that this transitory 
improvement was “wholly in the form of devices, in- 
formation, adjusiincnis to the lest conditions, 'tricks 
of the task.’ ’’ In connection witli this hypothesis, the 
greater advance of Twin 7' who received the delayed 
practice may be of significance since both twins were 
given the practice by the same c.xperimcnicr under 
precisely the same experimental conditions. The 
probability of their developing similar adjusimerus to 
test conditions is not only great but is borne out by 
observations of the experimental sessions. The greater 
gain of the second twin therefore is important. Its 
interpretation can belter be postponed until the im- 
provement in other functions has been analyzed. 

li. Object-Memory 

Results obtained on the object-memory test are pre- 
sented in Figure 2, The initial scores in January of 
L2S for G and l.SO for T indicate similarity. With 
eight weeks of practice, G improved her performance 
on Retest I in April to 2.0 points, while 7’ remained 
exactly the same during this period. Delayed inten- 
sive practice for 7', however, produced an acceleration 
which culminated in a score of 2.75 on Retest 11 in 
June. As in the digit series, delayed practice resulted 
in a reversal of the previous retest situation, with G 
now lower than T. On the October retests, after three 
months of non-practicc, the twins again exhibited very 
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FIGURE 2 
Object-Memory 


similar performances. During tlic interval T’s per- 
formance had dropped from its June peak of 2.7S 
points to an October level of 17S, a score which also 
prevailed in the December tests. C had steered a 
steady course from her score of 2.0 points on Retest I 
in April after special practice, to 2.25 on retest in June, 
to 2.0 In October, and 2.0 in December. The consis- 
tency of these retest scores indicates that the upward 
trends of tlic practice periods are all the more signifi- 
cant. 

Comparison of the practice periods shows curves of 
memorization which are Quite different for the two 
children. While both do about equally well during 
their first week of practice, / jumps ahead in the sec- 
ond week to a pi)int above 6"s fifth week. Greater con- 
sistency in memory for ?> objects, combined with an 
earlier afijjcarance of memory for 4 objects, constituted 
7"s superiority, h'lic succeeded on 4 objects in her 
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eigluli practice session and repeated tins success in 
sessions 10, 12, 14, 17, IV, 21, and 22. The plateau 
during the fourth and fifth weeks was pn)bahly related 
to the initial abrupt rise. Anoilicr plateau in the eighth 
week proved of short duration, since on the rciesis 
two and a half weeks later considerable improvement 
occurred. In contrast to T$ spurts and plateaus, G 
climbs steadily though slowly to the sixth week. It 
was not until this week in the sixteenth practice session 
that 6' succeeded on the 4 objects, with subsequent suc- 
cess only in the eighteenth session. Because C did bet- 
ter in this sixth week than in either the seventh or ninth 
weeks of practice, there was reason to believe that 
scores for these weeks might not be typical, Notes 
during the seventh week revealed that at one of the 
sessions, due to a previous hour in another experimen- 
tal situation at the clinic, C was tired and inattentive. 
On another day of the same week the mother visited the 
clinic, with the result that both children were noisy 
and restive. In the eighth week, after a period in 
another experiment, a less satisfactory performance 
again followed.^ These facts explain why scores for 
the sixth practice week were higher than scores for 
the seventh and eighth weeks and higher than the re- 
test scores in March. No further loss w'as evident 
with the cessation of practice, possibly because the 

■'These same circumstances srrnied to exert iiuicli los rffcei on 
diKit-mcmory. Observations throiiKluiiit ilic experiment bear out 
tile statement that ubjcet-mcinory iniuircs more coitcenlratioti and 
nttemion and is more e,isily aftccied by fatigue llian llie rote task 
of rcpeatini; dij'its. 
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effect of the practice was already diminished during 
the last quarter of the period. 

Because of the decline in G’s performance before the 
end of practice, no valid comparisons of the total gains 
for the two practice periods are possible, although the 
qualitative analysis above shows an earlier develop- 
ment of memory for 4 objects, and points to superior 
performance in the dclaycd-practicc twin. 

Verbalization at subvocal levels, of course, could 
not be cletcrmincd but it was possible during the pres- 
entation of objects to note the extent of visible lip 
movements. G was first seen whispering the names of 
the objects at the ninth practice session, again at the 
tenth, fourteenth, sixteenth, and eighteenth. T began 
somewhat later, in the fourteenth session, and contin- 
ued in the seventeenth, nineteenth, twentieth, and 
twenty-second. To keep conditions as uniform as pos- 
sible when verbalization was noted, the experimenter 
would comment, “You can wait until you’ve seen all 
the objects to tell me what they are.” Beyond this 
nothing was done uj discourage the practice. Certain- 
ly, verbalization remained a sporadic occurrence, 
never became a habit. The quality of performance 
with which it was associated was high. 

A comparison of results on digit-memory and object- 
memory necessarily lakes into acctnint the difference in 
procedure and methods in the two tests. For example, 
duration of the visual stimulus was longer for the 
objects than the auditory stimulation afforded by the 
digits; tengtii of interval between digits is known to 
afTeet inemorization. I>i(Terent digits were more com- 
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parable for use as units than were the various objects. 
Recognizing many limitations, however, certain broad 
comparisons arc possible. One of liic most oiitstand- 
ing of these is the difFcrcnce in level of performance. 
In digits a series of 3 constituted the basal perform- 
ance; a series of 5 in correct scrjucncc constituted the 
best. Objects proved more diflicult. 'riic basal per- 
formance was a series of 2, and the best was a scries of 
4 objects In any sequence. When S objects were given, 
neither child was able to achieve more than 3 of them, 
with the majority of responses under this level. Since 
no directions were given for repetition of objects in 
correct sequence, as in the ease of digits, sequence in 
objects was not scored. Correct sequence for the 3 
objects composed 30% of C's responses, 37% of '/"s. 
For 4 objects, C did not get either of her two successes 
in correct sequence while T repeated 33% of hers in 
correct forward sequence and 3.3% in exactly reversed 
sequence. 

Results obtained on memory for stories where both 
children were given simultaneous practice may be 
compared with results obtained on object-memory and 
digit-memory where Twin 7' was given practice three 
months later than Twin C, Differences in the length 
of practice period between the two experiments are 
recognized. Nevertheless it may be significant that 
simultaneous practice produced marked similarity. 
Each twin was ahead of the other on 3 of the 8 days, 
and on the rest they were alike. In <ilgit-mcmory, 
delaycd-practice Twin T leads in 6 of the 8 weeks of 
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practice. In object- memory, dejayed-practice Twin T 
leads in 6 of the 8 weeks and the scores are tied in the 
other 2 weeks. 

C. Rjng-Toss 

A comparison of the learning curve for the ring- 
toss with the memorization curves which have just been 
presented reveals that motor and memory functions 
may behave in characteristic, common ways. Again 
it is evident (Figure 3) that, though T and G were 
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similar in ability on the initial and final tests, special 
practice in the meantime produced considerable ac- 
celeration. Practice for T over the first 8-\vcck period 
resulted in a score of .38.5 on Retest I in April. This 
score was a gain of H..*) over the initial test score. While 
the control twin in the memory experiments mam- 
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tallied the same level uf pcrformiiiic: rKuiitial and 
first retest scores, 'fwin C, who was the first control 
in the ring-loss, rose from an initial score of :M.2 to 
36 on Retest I. 'flic difference between T and G, 
therefore, in this first retest was slight. After the sec- 
ond 8-wcck period, however, when G was given the 
special practice, she achieved a decided superiority. 
On Retest II in June, which followed her practice, she 
seared 4.3,5 compared with 7‘'s 36.0. As in the memory 
experiment, cessation of special practice meant some 
loss of skill. After the first practice period for T, her 
non-practicc curve on its downward swing crossed the 
upward curve of practicing C. After the peak at- 
tained with special practice, G also declined in skill 
so that on the retest three months later she and T were 
similar in ability. A further retest three months after 
this showed the twins to be maintaining consistent rela- 
tive positions. 

Because T’s score for the first week of practice had 
to be calculated from partial data, second-week aver- 
ages are used for comparison witli the eighth-week 
to give an idea of total gains during the respective 
practice periods. We find that both children gained 
similar amounts, 9 points for 7’ and H.6 for G. It 
may be G’s Initial improvement without practice which 
limits her gains during the special period. Rrohabty 
the climb from an upper level of .35.7 to 44..3 is more 
diflicult than that from 29.7 to .38.7. If total gains 
over the initial lest scores arc calculated, 7' has gained 
8.5 and 0 has gained 1,3.1. While 7' made her iin- 
provcmciu by two rapid spurts followed by plateaus, 
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C giivc 51 flsittcr, and for the most part positively ac- 
celerated, curve. Analysis of the practice sessions 
indicated very little which might account for the in- 
dividual character of the curves, except, of course, that 
G started at a higher point. The twins used very simi- 
lar techniques in throwing, although 7’ seemed to throw 
a little faster and higher. 

Twin G, who received tlic delayed practice, scored a 
higher average on all of the eight weeks of practice 
than did Twin 7’, who received the early practice. This 
is consistent with the results on digit-memory and ob- 
ject-memory, where the twin who received the delayed 
practice gave a superior performance. 

That Superiority may be a function of the method of 
scoring finally adopted can be seen by consulting raw 
scores for each of the practice weeks presented in Table 
4. If number of ringers alone had been scored, Twin 
T, who received the early practice, would have led in 
six of the eight weeks and tied in one of the other 
weeks; Twin C would have been ahead only on the 
last week. From Table 4 it is clear that the average 
number of ringers per week fluctuated around a point; 
no general trend during the practice periods was 
demonstrable. On the other hand, definite tendencies 
toward proficiency with practice are clear in the move- 
ment of ring-throws from the outer zones toward the 
central position of the post. This was one reason for 
accepting the zoning method for presentation and more 
detailed discussion. 
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D. Cutting 

It will be noted at once in Figures 4 and 5 that cut- 
ting presents certain characteristics which differ from 



FIGURE 4 
Straight Currmo 
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CurrtNO Corners 


those in the preceding curves. By choosing a fairly 
well-advanced ability (22, 31), yet one which showed 
great room for improvement on the initial perform- 
ance, it was possible to test the nature and stability of 
improvement occurring in conjunction with greater 
maturity. 

Though both children deviated greatly from the 
lines (Figure 4) in the initial tests, improvement was 
exceptionally rapid. I'rom a test score of 1^9, G, who 
was given practice first, dropped to an average of 100.3 
for the first week of practice, to an average of 41.7 
for the second week, and to a test score of 6.4 by the 
time of Retest I in April, From an initial test score of 
131.5, T, who had received no practice during this 
period, had improved her score to 37.7 at the time 
of Retest I. By Retest II in June, after eight weeks of 
practice, she scored 27.2. G’s scores on the June, Octo- 
ber, and December tests are so similar to her April one 
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that the curve here approximates a straight line. T 
also shows no loss of skill on succeeding retests. It 
will be recalled that in digit-memory, object-memory, 
and ring-toss, an interval of no practice was followed 
by a decline in the specific ability. 

T nor C ioxejt any of the skill ivhich they ah 
laineil as a result of the special pvarAice in CHliinff, It 
would appear that practice in a more completely ma- 
tured ability is not only economical but has more last- 
ing effects. 

A comparison of amounts of deviation for T and G 
(Figure 4) shows a marked superiority for T in the 
practice period and on all tests except the first. This 
difference in scores is a reflection of the difference in 
the approach of each child. Where C cut slowly, care- 
fully, and by short mincing steps, T often used the 
whole length of the scissors on a cut and thus set a 
much faster pace. When hoili children were timed 
during an October retest, G spent 2 IS” Vo 7’'s 97” on ibc 
parallel-line structure. G required 195” to 7”s 70*' 
on the step-like structure. 

The results for cutting corners arc graphically pre- 
sented in Figure 5. Wliile T was consistently better 
than G in terms of deviation (Figure 4), slic does not 
keep tliis advantage when cutting corners. 7”s rapidi- 
ty, which proved a handicap in terms of deviations, did 
not penalize her here. Though often cutting up to a 
corner with but one incision, lier estimations proved 
very acciirale. Tlie same important trends which ap- 
peared in connection with cutting scored in terms of 
deviation from a line arc evident in the ability to cut 
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corners: a tremendous initial improvement followed 
by no losses in skill after special practice has ceased. 

I he form of the curves obtained in this experiment 
may be compared in a general way to the form of the 
cutting curve obtained in a previous group investiga- 
tion on younger children by the author (22). Exact 
comparisons are impossible since the units of measure- 
ment were adjusted in order to conform to the require- 
ments of a younger age group, where some of the 
children could only cut gashes. It will be recalled 
that the age of the subjects in the group experiment 
was 2^4 years, an average of 2 years younger than the 
twins. The most striking characteristic revealed in a 
comparison of the studies is the contrast in rate of im- 
provement. The learning curve of the earlier age 
group shows linear and slight negative acceleration 
compared with pronounced negative acceleration evi- 
dent in the twins. Improvement without practice ap- 
peared in both experiments. 

E , Walking-Boards 

Complete data on the three walking-boards are pre- 
sented in Table 3. Proficiency in terms of errors is 
given graphically for boards 2 (centimeters) and 4 
(centimeters) in Figure 6. This figure is not compli- 
cated by the inclusion of data from board 6 because 
from the very beginning paucity of errors on this board 
permitted no differentiation with practice. Though 
error and time scores arc clearly related, scoring by 
errors was belter because the amount of error connected 
with each hoard differentiated it at all times from the 
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Other boards, That is, no overlap in performance 
on the various boards was evident; proficiency on 
board 2 always involved more errors than on board 
4, and proficiency on board 4, in turn, always involved 
more errors than on board 6. 

Time dilTcrcnccs between boards were more easily 
bridged. Scoring the largest board of 6 ceniimeiers in 
terms of time, however, was preferable to scoring it in 
terms of errors, for there was always room for* im- 
provement in the time score. 



FIGURE 6 

Errors on Walking-Hoards 


Performances in terms of error scores on board 2 
(Figure 6, upper half) will be given detailed con- 
sideration. The twins were well matched on initial 
performance. With an initial test score of 7.5 errors, 
r, who receives the practice during the first cM’ght 
weeks, lowers her score to 5.9, making 1.6 fewer errors. 
T's score is .8 error better than that of C who has also 
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gained during this time. After the second practice 
period, when C has received the practice, she becomes 
more proficient than T, so that delayed practice has re^ 
versed the relative standing which prevailed after the 
first practice period. C's errors as a result of the prac- 
tice have dropped from 6.7 to 3.3, or 3.4 fewer errors. 
Not only has the practice twin improved, but T, as the 
control during delayed practice, has bettered her score 
from S.9 to 3.7, or 2.2 fewer errors, so that the per- 
formances of both children are similar in this retest, as 
they arc in the subsequent retests at three-month inter- 
vals. 

The irregularity in each practice curve is its most 
striking feature. The increase in errors from the fifth 
to the seventh week for T and from the fourth to the 
sixth week for C are to be accounted for. In order to 
further this analysis the time curves are presented for 
the same board (Figure 7). Examination of these 



FIGURE 7 

Timk on ■Walking-Boards 
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time curves shows ihai ihc increase in errors comes 
usually with an increase in lime. Notes hv the experi- 
menter indicated poorer performances when the chil- 
dren were extremely ciiutiinis. Though a decrease in 
errors was always associated witli a good time per- 
formance, a good time performance did not always 
mean a decrease in errors. 

Attention may be called to the greater gain of the 
delayed twin. During the first practice period '/’ re- 
duced iicr errors from 7.5 to 5.9, or 21%. Since she 
had shown a greater skill during the fifth week than 
in the subsequent weeks of her practice period and re- 
test, this percentage of improvement may not do entire 
justice to her ability, though her maximum gain (in 
the fifth week) was 37%. During the second practice 
period 6' reduced her errors from 6.7 to 3.3, or 50%. 
This retest score is similar to her best performance dur- 
ing the practice period. If average scores for cacli of 
the practice weeks arc compared for Twins T and G, it 
will be seen that Twin C, who received the delayed 
practice, leads her sister in 6 of the H weeks and tics the 
score in another week, 'riuis we see the consistent 
advantage .igain in favor of the twin who received the 
delayed practice. 

Associated with the gains of the practice twin are 
gains by the control twin, evident at the close of both 
practice periods. During the first period, control G 
makes 62% as much improvement as practiced T, 
while (hiring tlic second period control T makes (>S% 
as much as practiced (7. Reduction in errors on this 
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test proved relatively stable with very little loss of 
skill taking place within the period of study. 

Board 4 (Figure 6, lower half) shows many of the 
characteristics noted in connection with the discussion 
of boarri 2. I’he early practice curve of Twin T, how- 
ever, is quite dilTeicnt. Reduction by 2 errors between 
initial test and initial practice is the greatest improve- 
ment Twin T ever makes, The learning curve for 
the dclaycd-practice Twin C, on the other hand, bears 
a close resemblance in form to her curve on board 2 
which lias just been discussed. In general, the rela- 
tionship which the performances on the boards bear 
to each other in the degree of proficiency for any one 
week is great. Improvement often takes place in the 
same direction on each board. For example, rapid 
progrc.s5 during the fourth week of the second practice 
period is evident on both board 2 and board 4. If the 
time curves for the same practice period were available 
tJicy would show an even more striking parallel of 
progress on all boards. Apparently there are general 
factors affecting all the performances on any given 
day. 

It was hoped that the various grades of difficulty 
which the walking-hoards presented might give in- 
formation regarding the relationship of degree of 
difficulty to !j)c shape of the learning curve and also 
indicate whether degree of difficulty might be related 
to loss or gain after intensive practice had ceased. 
Mattson (28), it will he recalled, related learning and 
reicniion to complexity of task as measured by per- 
formance on a simple maze, an intermediate maze, 
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and a complex maze. These results suggest a parallel 
compariMn of degree of ilifliculty on the walking- 
boards. 

Degree of difficulty may l)c related to the amount of 
initial improvement. This is shown by reference to 
the learning curves of IVm T on board.s 2 and 4 (Fig- 
ure 6). We know by consulting the time curves for 
boards 6, 4, and 2, as well as the error curves for boards 
6 and 4, that Twin 'J\ the first trained, has a charac- 
teristic curve of learning that shoots up rapidly during 
the first week of practice and then gains very little in 
subsequent weeks. In spite of this characteristic curve 
on all other items, Twin T on the most difficult per- 
formance Is able to make but slight improvement for 
the first two weeks and, in general, presents quite an 
atypical curve. This evidence may or may not be 
indicative of an underlying principle. Certainly it con- 
stitutes an hypothesis well worth considering for fur- 
ther experimentation. It was not possible to relate 
loss or gain in proficiency after intensive practice to 
degree of difficulty. 

jp. Recapitulation 

Results of early and delayed practice arc given in 
Table S. Inspection of this table shows that: 

1. Early practice of 8 weeks resulted in superiority 
for the practiced twin on all test measures e.yccpt the 
time score of the largest walking-board, where the 
children were not well matched in the initial tests. 

2. Delayed practice (12 weeks later) for 8 weeks 
resulted in superiority for the dclaycd-practicc twin in 
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objccMncmory, digit-memory, ring-toss, errors on 
boards 2 and and time on board Z, With the excep- 
tion of errors on board 4, tiicsc represent performances 
where the degree of improvcincnt still possible is large. 
Delayed practice resulted in similarity of scores for 
prnciicc and control child on culling corners, on errors 
on board 6, and time on boards 4 and 6. These are 
performances which rapidly approximated or were 
already near maximum. In deviations in cutting, an 
individual technique produced consistent variation. 

3. Greater gain by the dclaycd-practtcc twin wi th- 
in the practice series was, as a rule, inversely related 
to the gain which that twin had made as a control 
during the early practice series. This is easily under- 
standable. In memory for objects and digits, where 
the control made no progress during the early practice 
period, all of the subsequent improvement look place 
'wii/iin the delayed practice period itself. In cutting, 
where the great gain of the first control twin resulted 
in scores near the maximum, it was obviously impos- 
sible to improve as much in the delayed as In the early 
period. 

4. We find loss occurring after the cessation of the 
early practice series in digit-memory and ring-toss, 
with an ambiguous result in the case of memory for 
objects. Not only did few tests show loss but certain 
of the walking-boards showed a small gain by the time 
of the retests 12 weeks later, After the delayed prac- 
tice period, loss was evident in object-memory, digit- 
memory, ring-toss, time on boards 4 and 6, and errors 
on board 2. Thus at the end of each practice series, 
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w‘nh the cxccpiiott of the walking-boards, the same 
tests exhibited a decline. Cutting showed no loss after 
cither practice period. 

S. Three and six months after all practice had 
ceased, the performances of the children on all tests 
were as similar to each other as at the beginning of the 
experiment. 



VI 

INTERPRECTATION 


In this type of experimental comparison of the gen- 
eral clcvclapnicntal and special practice factors which 
influence proficiency, two findings arc commonly ad- 
vanced in favor of die importance of the more general 
maiurational or developmental factors: (1) that at a 
greater age there is greater improvement with practice, 
and (2) that, in spite of advanced attainment with 
intensive practice, there is a return after cessation of 
practice to the normal age level, i,c., to a performance 
equivalent to that which would have been reached 
without the special practice. These two factors have 
been discussed somewhat in relation to the present 
cxpcriincnt and to others in the literature. They arc 
of sufficient theoretical interest to be given closer 
scrutiny in order to sec what experimental conditions 
may be effecting alterations in performance. The 
greater improvement with delayed practice will be 
analyzed first; an analysis of behavior after cessation 
of practice follows. 

Delayed Practice vs. Early Practice 

Greater improvement during delayed practice oc- 
curred on the following items: digit-memory, object- 
memory, ring-toss, and walking-boards of 2, 4, and 
6 centimeters scored in terms of errors. To what fac- 
tors is this greater improvement due? It may be due 
to (1) individual differences, (2) practice, (2) better 

[ 552 ] 
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adjusirncni lo ihc experimental situation, and (4) ma- 
turaliartal or intrinsic growth factors. 

1. Indii^idual Differences, Watson (35) has criti- 
ciaed the method of co-twin control from the stand- 
point that the twin who is given delayed practice may 
have been superior. Since in the present study each 
child vvas used both as control and as practiced sub- 
ject in di/Tercnl functions throughout the experiment, 
this criticism becomes less applicable. That Twin T 
was inherently superior in just those activities which 
she practiced last, while Twin C was inherently su- 
perior in just those activities which she practiced last, 
is extremely unlikely. 

2. Practice, In the present experiment there is the 
possibility that additional specific practice and spaced 
practice may be influencing the results. Before the 
delayed intensive practice period, the delayed twin had 
the advantage of two c.ttra sessions (Retest I) given 
three months after the original tests. 

The importance of spaced practice has probably 
been underestimated. For example, in the Hicks and 
Ralph maze experiment (21), improvement of the 
control group tested at the beginning and end of an 
eight-week period was Interpreted to indicate the 
presence of matu rational plus general practice factors. 
Of the total gain of 7.2 points made by the practice 
group, 4.2 came during the first week of practice. The 
spaced practice involved in securing the final score for 
the control grf)iip may have resulted in a significant 
portion of its gain of B.2 points. Thus some of the 
gain which Micks and Ralph attribute to factors out- 
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side ihe expcrimenial situaiion may have been a func- 
tion of spaced experimental practice. 

Analysis of data in the present experiment shows 
very little effect of the spaced practice or of extra trials. 
Their presence should normally be shown by a cumu- 
lative effect during the first week of delayed practice; 
a decided increase in score for the first week of de- 
layed practice over the score for the first tvcck of 
early practice should occur. An appreciable increase 
is found only in scores for cutting. That the factors 
under consideration do not account for final achieve- 
ment in delayed practice is evidenced by the fact that 
cutting is one of the few experiments in which delayed 
practice does not lead to superiority. 

Incidental practice which occurred in related activi- 
ties during the experiment may be considered negligi- 
ble in its influence compared with the experimentally 
controlled practice. This is substantiated by the fact 
that the control subject gains much less than the prac- 
tice subject during early practice, and there is com- 
monly a loss after intensive practice. 

3. Belter Adjuslmenl to Experimeulal Conditions. 
Because of the previous practice on other items, dc- 
layed-practice Twin T or C had the advantage of 
greater familiarity with the experimenter, the room, 
and general routine. It will be recalled that Gates 
and Taylor felt that their results on tapping and digit- 
memory justified the assumption that improvement 
with practice was due not only to better techniques of 
work but to better adjustment to test conditions. It 
is possible that this general adjustment to experimental 
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conditions may constitute a disturbing and unaccount- 
able factor in early- and delayed-practice experiments. 
In early and delayed practice in the acquisition of 
language, Htrayer (.Kl) says of the control twin, “Dur- 
ing the time spent with her, many of the same games 
which were played with her twin were played with 
her, except that they were silent." The familiarity 
of the delayed-practice twin with these informal games, 
however, may have made the names of objects con- 
nected with the games easier to fit into the child’s 
vocabulary later. In the present experiment there h 
no way of knowing how much this factor of general 
adjustment may have fncilitatcd progress. At least it 
did not show up in the early trials. 

4. MnUtrafion. The term “maturation" may be 
conceived as referring to intrinsic growth factors,® The 
superiority of the delayed-practice twin docs not seem 
to he accounted for entirely in terms of individual 
differences, spaced and incidental practice, or in bet- 
ter adjustment to the experimental situation. How- 
ever, to assign any specific proportion of the increment 
to maiuralional or growth factors is impossible on the 
basis of (he data available. The facts are that at the 
time of delayed practice the practicing twin is older 
and profits more by practice than did her younger 
shsier. While becoming older site was undergoing the 
different experiences already discussed. She was also 

"Mar«|iiiN' iliHU’iKiinn (27) lictwccii intracellular, mtcrcclhilar, 
and rxlrtnal nwirunmeni is a nice iuRical formulation. For pur- 
of rxiirtiniriual maiiiimlaiion \vc liavc control only over cer- 
lain fmri*»r“i of die fxlrrna! environment. 



356 


OENBTtC PSVCHOUHSV APIIS 


growing. The application of experimental findings 
such as these to clinical or educational practice dt»cg 
not rest upon the interpretation of the gains with de- 
layed practice as being due primarily to maturaiional 
factors. 7’hc experiment docs show the specific con- 
ditions under which gains can be expected.® 


Rkturn to the Normal Level after Cessation of 

Practice 

The loss of skill after experimental practice is well 
attested by experiments on forgetting. Hence the loss 
reported in this and other experiments docs not in 
itself offer crucial evidence regarding maturation. 
The fact, however, that both iwim ‘^forgot" to the mvie 
(eve! in tpile of their different attainnienls nollh prnc* 
tice does point to the importance of genera! develop- 
mental factors. 

No loss of skill in cutting appeared after either prac- 
tice period. By the first week of early practice, the 
practice child had made marked improvement, and 
by Retest I the control, who had received no practice, 
had made even more improvement. It is apparent that 
even the limited practice of the control was of primary 
importance; the underlying factors were developed 
so that only a small amount of practice was necessary 
to perfect skill. At an earlier age level, where these 
underlying factors presumably were not developed, 
much less improvement with practice occurred (22). 

“Spccuhaion rcfrardinu iIir |)lly^itll(l^!.v of niaturaiiiM) is intrn-st- 
ill}?, hvir the exiicrimrius reported aive no evidener for one livptith- 
csis ns a^innst another. 
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A point to be noted is that substantial gains by the 
control, without practice, arc accompanied by rela- 
tively stable and permanent gains by the practice child. 
For example, the greatest gain by the control in any 
of the performances studied lakes place in cutting; 
there is no loss at all after cessation of practice. The 
reverse also seems to hold true. There was no gain by 
the control child in digit-memory, and the greatest 
loss with cessation of practice was sustained in this 
function. 

This type of cxpcrimeiu is useful for checking the 
value of Items in developmental schedules. Such 
standardiml schedules assume relatively stable per- 
formances at different age levels. Memory for digits 
is a good test item because the performance returns to 
a characteristic stable level in spite of temporary gains 
during intensive practice. Cutting at this age would 
be a poor lest because slight practice produces an al- 
most perfect performance. The only graded series 
used was (he walking-boards of cliflfcrcnt widths. The 
reliable difTcrences between performances on boards of 
different size suggest that these boards might be used 
for diagnosis of gross motor ability. 

Improvement with practice and retention after prac- 
tice are very significant problems in the training of 
children. Educationally, questions may well be asked, 
many of which will be answered by future experi- 
ments: At what stage of development can training or 
practice give the most economical results? There is 
probably an optimum time or times for training in 
any pariicul:ir skill (as has been shown in the pecking 
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of chicks). It is imporlani to know when these limes 
arc and under what condiiioiis specific practice is most 
efifeclivc. For example, it would appear that the speci- 
fic practice in cutting was verj’ economical, though 
possibly not all of it was necessary. By testing im- 
mediately or soon after practice, arc we measuring all 
that is retained? Bunt’s experiment (2) on training 
in Greek at an early age presents many problems which 
need experimental exploration. What spacing of prac- 
tice will keep performances at a level of achievement? 
In most of the performances in the present experiment 
the degree of skill attained by special practice had 
been maintained or improved by the time of the first re- 
tests two or three weeks later. 'Fhesc retests, in fact, 
look very much like a continuation of the learning 
curve itself. If all of the retests had been placed at 
thrcc-wcck intervals, the form of the subsequent curve 
might have been quite different. It is interesting to 
speculate, too, regarding the comparisons which could 
have been made if the early-practicc twin had con- 
tinued special practice through (he delayed practice 
period. It is a problem for future investigation to 
continue the practice of a first group of children while 
second and third groups start at respectively later dates. 

Other practical questions arc pertinent. Degrees of 
guidance during practice may well be differentiated in 
their inlluencc on learning and retention.*” As Good- 
enough and Brian (16) have shown, thoroughness of 

loA series of studies dcnUnj; with the siRiiificanec of different 
degrees of guidnnee in the mtiRc behavior ot rats mid luininn siibjecis 
have been summarked by Cnrr (3). 
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coaching innuenccs level of performance in ring-tossing 
of preschool children. 7’heir data, however, offer no 
rcicsis at suhseijucnt intervals which might throw light 
on the relation of training to retention; this point is 
ilte crucial one for education. Closely related to the 
question of kind of practice is that of amouni of prac- 
tice given. Thus far, experiments which have dealt 
with the effect of practice on developing abilities have 
varied from I to 7 days’ practice per week and from 5 
weeks to 21 months for the total period of intensive 
practice. vSuch deviations constitute an advantage if 
varying conditions arc to be studied. They make it 
difficult to arrive at average effects. 

From the range and number of factors involved in 
the effect of specific practice on the performances of 
children, it is clear that the problem is very complex. 
The interaction of environmental and maturatioiial 
factors in (his type of e.vpcrimcnt make impossible the 
assignment of definite value to the underlying niatura* 
rion.il mcchmmm. Undoubtedly, tJiat mechanism is 
operating; but it is doubtful whether an experiment 
along the present lines could be definitive or crucial, 
The attack on the problem gives evidence which is of 
more significance educationally and clinically. 

Disagreement or agreement of studies on various 
functions at the different age levels are equally valu- 
able for the light they throw on the total problem. In 
a recent criticism of the maturation hypothesis Witty 
and Lehman (.36), commenting upon the studies of 
children, feel that no defensible premise regarding 
heredity and environment is possible "since the reports 
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do not agree precisely." It is this very fact of non* 
agreement under slightly varying experimental con- 
ditions that fnmiliarii<;cs us with the complex factors 
of variation. 'bJo one study can hope to do more than 
add evidence which will eventually be absorbed into 
a synthesis though no such synthesis Is possible today. 
It is hoped that the study which has just been reported 
will contribute to a better understanding and analysis 
of the factors which underlie the acquisition of skill 
in the young child. 
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SUMMARY 

1. Monozygotic U wins T and G, previously used 
in experiments by Gcsell and Thompson and by 
Siraycr, were 54-66 months of age during the experi- 
ment, On preliminary tests, they were found to be 
highly similar on a variety of tests of intelligence, vo- 
cabulary, drawing, memory, handedness, footedness, 
and motor speed; they displayed differences on per- 
severation tests. 

Z, The twins were well matched initially on motor 
tests of culling, ring-tossing, and on walking-boards 
2, 4, and 6 centimeters in width and on tests of digit- 
memory and object-memory. Each twin served both as 
practice and control subject throughout the experi- 
ment. For each memory and motor item there was an 
initial test, then one twin was practiced (early prac- 
tice) w/tile the other served as control; both were re- 
tested, then the second twin was practiced (delayed 
practice) while (he previously practiced twin served as 
control. Each practice period was 8 weeks in length 
with 5 practice periods per week. Delayed practice 
began 3 months after the early practice. Both twins 
were retested after delayed practice and again 3 and 
6 months later. 

3. Delayed practice resulted in a greater gain for 
the delnyed-practicc twin on digit-memory, object- 
memory, ring-toss, and errors on walking-boards 2 and 
4 cm. in widlli. It resulted in similarity of scores on 
culling corners and walking-board 6, both of which 
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involved pcrformantcs near maximum. In dcviaiions 
in cutting, an individual technique produced a con- 
sistent difference so that the delayed twin never 
equalled the score of her carlicr-practiccd sister. 

4. Loss with cessation of early practice occurred 
in digit-nieinory and ring-toss with an ambiguous re- 
sult in object-memory; performance tm certain of the 
walking-boards continued to show a slight gain. After 
delayed pr.ictice, loss was evident in object-memory, 
digit-memory, ring-toss, and errors on board 2. Cut- 
ting showed no loss after either practice period. 

5. Tlirce and six months after practice, the per- 
formance of the twins on all tests were as similar to 
each other as at the beginning of the experiment. 

6. The greater gain of the delayed twin was con- 
sidered in relation to individual differences, additional 
spaced practice, better adjustment to experimental 
conditions, and maturation. The fact that the perfor- 
mances of botli twins returned to the same level despite 
their different attainments with practice pointed to the 
importance of the general developmental factors. In 
cutting, where only a limited amount of practice was 
necessary to bring it to a point near the maximum with 
no loss in skill at any subsequent time, it appeared that 
the underlying factors were probably developed. The 
bearing of the results on educational theory and method 
was discussed. 

7. Certain general principles concerning the effect 
of specific practice on the performances of children 
are suggested. For example, substantial gains by the 
control without practice are accompanied by relatively 
stable and permanent gains by the practice child; the 
reverse also seems to hold true. 
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b'KFFRT im t/HXFHClCF FAIT DB UONNE HEUBE ET DE L'EX- 
ERCICB RET.A«t)fi .'^tJR I.K RENDE.VfENT DE MEMOIRE ET 
I.K RENDKMK.VT MOTEtJR ETUDJR SEI.ON tA Mfe- 
't'llODB im e(I.Vt RAl.B DE OBUX JUMBLLES 

(RisumO 

1. I-ft ititnrUrt mantoyRnux J‘ el (7 dfjA employiet dans dcs experiences 
par tiesell ei ‘I'ttntnpsnrt ct par Straycr <uu *u S'V-66 tnols pendant J'cxpA- 
lienrc. .'Ciir ks tests ptiliminairet, on les a itonvAes tris scmblnlilcs. 

3. I.ci jnmelks tmi Atf Ideii fgales initinleincnt aur lea tests motcurs 
coiisisiani A (niiiirr, A jticr iks ccrtlcs, ct A mitrcber aur ties pinncbca de 
2, df -I, ti ite 6 rroiimAires ik larRc ei iiir Us tests dc mAmoirc de cliiffres 
el lie mfmnirc il’i»l,iei». t’lianiie juniellc a lervi cl comme sujet d’excrcice 
c< f/fiiimc «(tic< fic roriirnlr <lnnJr loHie I'tfxpvricncf?, Pour cbnfjuc point de 
fTH?mfiirt c( puiMi tnotccjr, (1 y a cu wn test inii'mli ensuhe on a dDun6 de 
Tcxcrr'ict A Tunt rlcs jufiurncfi (Tcjccrcicc fatt dc bonuc heure) pendant 
qui? I^auirp ti urivi Cfuiifnc contrdlc; ofi a (C5ti deux dc nouveau, cusuJtc 
U nmmdc iiiinflt*’ a fait dc rexercice (i^cxcrdcc retard^) pendant que Ic 
prcMM^'rf, <)iii a fail dc IVxcrrivc, a ncrvi coniine cotitrole- Cbaqiie 

pfiiiiMlc dVxr trier n duf^ liuil sciuiiiiiCB avee irois pdn'ouea a'cxcrcicc par 
liriiiainc. i/rxrnWr rciard^ :i ciuiunfnc6 troifl mom nyriis rcxcrciac fmt 
lU buniir bMiir. On a iv»c6 dejmuvcnii lea deux imndics nprds I cxcrcice 
ifuriU cl ciM'orc iniU at mom plus lanl. 
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3. U'ex^rdtti rtiard^ it mt»rt(r£ un p!ui ^rand rcndcmcnl ditrz la jiyi- 
En<tlt<! qui a lih Texerckc retard^ fmur Ic icii dc ttilmnirc d« cciwl 

de tntooirt d'objtt«, c«lui di; jtur In c^rclci^ ti r<ltii de marrbur Mtr dri 
planches de 2 ct de 4 cm. de II a mrmii£ dci r^Mihais »cmh1ah1ei 

imur le leif dc coupe r left cdins ct celut de marcher \\»r la pfanche de ^ cm, 
d« laipe, doni les dtux ottl des rendrmrnt* h pew pifu maxima. 

Danii in dfvietlions de c^uprr, unc itchnnpm tmlividMclIe n pvmloil une 
difference etm^umc ilc icinc que la jumrlle qxii » fail rcKcirkf rriarde 
n*a jumnli ei^aU le rdiuliat de ita tm\fi qui a fail IVxerdre de l^nne htuie* 

4« Unc pcrie Bvec la cciibiioh de rexerdee de Inmne heure ftVm monire 
dam le icM de m^moirc dc chiffm ei dans relwi de jeier left ccfcln, avee 
un r^fluhai amhi^u poor cclui dc m^moire d^ohjeii; ceilRirtii um ftur Ui 
planches cim cominu^ k momrer un rcndcmcni iin pen p\n% ftrand. A^ih 
rexcrdcc retard^, unc perle s'eil montri dans le (nt de m^moire d'ol^jcis. 
ceiol de m^moire de chiffres* cclyi de }eier left ceirles^ ei leu ctreuift de la 
planch e large de ^ emt Lc lest de c«mper n'a ntotiir^ aocurte pecie iipr^i 
n\ r»tie ni I'aulre p^riode de I'excrtice. 

5. Tiitli e< ftu moi* aprii Texcrcice, lc* rendrnicnift dci iwmtllti sor 
loui lea (G&it ont M atissl semblabte Tun & I'auue qu'au rommeneement 
de I'exp^rtencc, 

6* Le pluft grand rendemcni de U juitiellc qul a fall rnerdte reiard^ a 
M coniidir^ dans ion rapport aux differences individuelleft^ an tioiift*el 
exeidce cspac^» A la mcillcure adapt alion aux comiiiions cxp^rimenialfft^ 
ci i ia tnautraiion. Quolqiie U maui ration ait prohahkment np^ri^ \\ a M 
impossible, sor la base dei donn6eS| d'y drmner une panic «pfcirH|iie dam It 
plus grand rendemem. 

7m On sugg^re certains principes g^n^raux sur reffcl de rexerdet spf* 
dRquo lur lea rendemtms dee entamf. Par exemple, lea progr^s Imimrtarni 
fail! par ie conir61e aam exeidce tnni accompagn^s de progrih rdaitrement 
atablea et permancnift par renfant qui a fnii I'cxerdcti 1e contralre aembU 
autti kitt vrai. 

llrr^AUD 

DIBEINWIRKUNG HER PROIIRN UNI) DKR VRRZfXJRRTRN OlUING 
Am DAS GEDACHTNIS UNI) AUF MUTORISCIIR 
TATIGKEITEN — UNTERSUCHUNG MIT DRR 
MRTHODK DER ZWIIXINGSKONTROLLR 

(Refcrni) 

1 , Die Vcrsuchspcnonen* die inannzygotUrben ^willingc T iind C, ft^aren 
schon fruher in Experlinentcn von CicacU und Thompson iind von Suayer 
als VerBuebapersontn venvendet worden. Ihr Aker hclrug svahrend dcr 
gcgcnvviirliBcn Untenuchung 54 hh Monnte. An Vorprufungen hailcn 
lie okh all emamlcr h&chat fihniich crwicsen. 

2. Anfilnglich^ stimmlcn die Xdsiiingcn dcr ^^villinge an moiorischcn 
PrOfungen giil mil einander uberdn, (Diese Priifungen bnritgtn Schnddeo, 
dna Werfen von Ringen tringdosa], und das Bdciiifen von Hrcitcrn [walk* 
ihg-boards] von rcspckiiv 2, 4, und 6 Cm, llrdie.) Anch In Bexiig auf 
Ihre Icislungen an PrAfimgen des SJahlenKedsichtnisftcft rdigii-memnryl und 
dcB GcddchtnmcB fur Gegcnstilnde fflicUen die Zwillingc einunder stark, 
Jede dcr Zwilllngc dlcnte svlthrcnd dcr gnn^en Untersurhung Bowohl ala 
Versuchspemon wic nh KontroUpemon. Etir jeden CirgcnilstAnd ihr Un- 
teriuchung ties GcdUchmisicB und dcr moiorUchcn TiltiRkdi gab es xuerat 
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cimr wurde drie tier ^wUlirtBe cingcQbt (frUhe 

diV dnderc Konirciflttcriioti dlcnte. lleidc wurden 
wirdijr Uign i«rufdc die cingeubl (verz^gerte Eimlbung) 

daf ein^edbic Kind ah KnnirollperBon tlicntc, Jode 

EiNubtma^P^fhidc hWh ttber achi Woehen hin. Eb guU drei Einilbunge- 
Wiicbfr. I>ie vcivl^erlc Eindbting begatin drei Mona ten nach 
der fffjibfcn Itcidc ^^wHUngc wurden nach der vor^figcrieo 

Einii'l^mn.ja wmler tmd drei und dann acClia Monale n ipJiicr nochmafs 

%. Uit^ EtnObunji; ^criiraaebie bel dem ''gurtickgehalicncn'' 

|d«U>ril] /»«iUin^6 eintn urd^^tereti Oewinn in auf GcdhcluniB fur 

/ahlcn« tlirdarhmi* fdr C;i^<sfi«UndC| Ringwerlen, und Fehlern hei dem 
Be1gti|<?n v<m ttfiriiein von 2 «nd A Cm- llrcilc. Uej dem Abschneiden von 
Eclirn und in auf das Gebbicit 6 (also bei TJiligkcilcn, die foal 

vo1lht»nirbrn b«hcfrK;bi wurden) ticwirkic die verstbgcrie Einwirkung Ahn- 
ijirbVeif der von den bcithn ZtviMingen erxichen Zahlen Csimilariiy of 
In auf Alivftithungcn bci dem Schiteiden von Ecken verur- 

lacbie cln individvieihs Verfabren einar dcr Zwillinge cinen bcniandigen 
Unier»cliied jH^frher An, data das 'zurdckRchaUcne** Zwillingsk'md nic einc 
^ bohe ZabI eihelU, avie desicti frdher cingedbte Schwesicr. 

*1^ >iath Einvullung der friihen EinCibung fand in Bezug nuf dns 
Oeilarbinh fdr ZnMcn und das We r fen von Klngen cine Verlust siott, 
In auf das Cled^cbinls fur GegensUnde crwics sich dna Rcaultat 

«U Aweideuhfi. Bti cinlgen CebbreUpFufungen v.cigic sick foxtwHhrcnd 
eine khine Ihsitcrung. Nach verstogcrier Einubung zcigicn sich Verfuste 
In nej>ug auf da« Cledicbinift fiir GegcnaUlndci daa ZnldengedtlcUtnis. und 
die auf dem xprciicn GehbreU begartgenen Fe)thr« In Be;;ug aiir das 
SfibHeidtn fand wedcr nneh dcr frOlien nocU nacb dcr vcrzogericn Einti- 
hung cine Verlun staii.» 

S. hrei und B«cbs Monaun nnch dcr Eindbting \vnrcn die Letslungcn 
drr Z^villinge an alien Prdfungen einundcr geradc bo Ubnlich, wh aic at 
vur Anfang der UnicrsucbtinK gewesen wnren, 

<5- Das gr^^#lcrc Gewinn hei dem **7.uriickgchaficncn'' ZwillInKgkind 
wlrd in Ee%vig fluf IndlviducHc Unicrscbicdc, hinzugefOgte gesonderte 
[spacedl Eindbung, vcrbefi^crU AnpasBuni^ nn cxpcrimenicUe Bcdingungcn, 
und Reifung [mntur&Lion] bcBproeben^ ObwobI die Rcifung wnrscheJnffch 
von Blnduis war, "rar ca, auf hAftis dcr Ecfundci unmBglichj ibr cincn 
speitififtcbcn Anted an dem Govinn zuzutcilem 

7, 1\B wertien In Rczuk auf die Einwirkting dcr spezifischen Einubung auf 

die Lfiistungcn von Kindcrn Rcwisse nUKcmeiiie Prinzipicn vorgcachlagen. 
El geben Eehpiel bcatimmto Gcwjnne bei dem Kontrolikind ohne 

Eindbutig mU relntiv beslAndigen und dauerhaften Gewinnen dca Ver- 
fiuchskindes einber. Dai Qegenteil ocbeini ebenfalh giUtig zu scin. 

litLGARfi 



